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\BSTRACT 

This  instructional  package  is  intended  for  use  in 
training  Air  Force  personnel  enrolled  in  a  program  for  apprentice 
heating  systems  specialists.  Training  includes  instruction  in 
fundamentals  and  pipefitting;  basic  electricity;  controls, 
troubleshooting,  and  oil  burners;  solid  and  gas  fuel  burners  and  warm 
air  distribution  systems;  hot  water  heating  systems;  central  plant 
and  high'temperature  heating  systems;  boiler  maintenance  and  steam 
distribution  systems;  and  boiler  water  treatment  and  corrosion 
control.  The  package  contains  a  set  of  lesson  plans,  eight  study 
guides,  and  eight  workbooks.   Included  in  each  lesson  plan  are  a 
course  content  outline,  lists  of  pertinent  stiident  instructional 
materials,  approximate  times  to  complete  each  phase  of  the  course, 
suggested  teaching  methods,  and  instructional  guidance.  The  study 
guides  consist  of  series  of  instructional  units,  each  of  which 
contains  an  objective,  an  introduction,  instructional  text,  and 
questions.  Numerous  figures  and  diagrams  illustrate  the  text.  The 
accompanying  workbooks  include  objectives,  list  of  needed  equipment, 
instructions  for  performing  various  tasks,  and  written  fixercises. 
(MN) 
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DEPARTMENT  OF  THE  AIR  FORCE 

3770  Technical  Training  Group  (ATC) 

Sheppard  Air  Force  Base,  Texas  76311 


PLAN  OF  INSTRUCTION  J3ABR54532  001 

(PDS  Code  4CC) 
3  January  1984 


FOREWORD 


1.  PURPOSE.    This  publication  is  the  plan  of  instruction  (POI)  when  the  pages 
listed  on  page  A  are  bound  into  a  single  volume-    The  POI  contains  the  qualita- 
tive requirements  for  Course  J3ABR54532  001,  Heating  Systems  Specialist,  in 
terms  of  criterion  objectives  for  each  unit  of  instruction  and  shows  time, 
training  standard  correlation,  and  support  materials  and  guidance.  When 
separated  into  units  of  instruction,  it  becomes  the  lesson  plan/Part  1.  This 
POI  was  developed  according  to  AFR  50-8,  Instructional  Systems  Development 
(ISD),  and  ATCR  52-6,  Curricula  Documentation. 

2.  COURSE  DESIGN/DESCRIPTION.    The  instructional  design  for  this  course  is 
Group/Lock/Step.    This  course  trains  selected  Air  Force  maintenance  personnel 
to  perform  duties  described  in  AFR  39-1  for  Heating  Systems  Specialist  AFSC 
54532.    Training  includes  the  use  of  AF  publications  and  forms,  and  commercial 
manuals  related  to  the  identification,  location,  function,  installation,  opera- 
tion, servicing,  repair  and  maintenance  of  heating  equipment,  plants  and 
systans.    The  course  also  includes  boiler  water  testing  and  treatment  and  solar 


3.  REFERENCES.  This  POI  is  based  on  Specialty  Training  Standard  545X2, 
December  1981,  Change  1,  November  1983,  and  Course  Chart  J3ABR54532  001, 
1  December  1983. 

FOR  THE  COMMANDER 


DAVID  k.  JALRVUN,  Colonel,  USAF 
Commander,  3770  Technical  Training  Group 


Supersedes  Plan  of  Instruction  J3ABR54532  001,  5  July  1983. 
OPR:    3770  Technical  Training  Group 
DISTRIBUTION:    Listed  on  Page  A 
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POI  J3ABR54532  001  Changed  11  May  1984 


WRITE-IN  CHANGES  EFFECTIVE  DATE:     22  May  84 

BLOCK  PAGE  ACTION 

^  ^  Change  objective  21  to  read  ''Given  AFM  85-12  and 

instructions*  locate  information  on  maintenance 
and  inspection  of  heating  equipment  with  Instructor 
assistance, " 

Underline  STS  element  4c « 

^  9  On  objective  4c,  delete  STS  element  4c, 

^  11  Change  objective  41  to  read  "Given  information, 

blueprints,  drawings  and  symbols,  interpret  blue- 
prints and  drawings  by  answering  70%  of  questions 
correctly. 

III  33  Change  objective  2a  to  read  "Given  step-by-step 

procedures,  troubleshoot  electrical  controls  on  a 
warm  air  furnace  trainer  with  Instructor  assistance." 

Delete  STS  element  9a(8)  on  object^ /e  2ac 

Delete  teaching  steps  on  objective  2a. 

IV  49  On  objective  4b,  delete  "10  out  of  12"  and  add 

"80%  of  the" 

V  61  Change  objective  4a  to  read  "Given  procedures^ 

remove  a  boiler  from  service,  drain,  flush  and 
fill  boiler  and  check  boiler  for  proper  operation^ 
with  Instructor  assistance." 

V  63  Hours  for  unit  5  should  be  12.5/3 

VI  68  On  objective  Ih,  add  STS  element  9a(8) . 
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POI  J3ABR54532  001  Changed  27  August  1984 

WRITEtrIN  CHANGES  Effective  Dates     14  September  1984 


BLOCK  PAGE  ACTION 

3  Objective  2a,  change  standard  to  read  "by  correctly 

answering  2  out  of  3  questions." 

3  Objective  2b,  change  standard  to  read  "by  correctly 

answering  6  out  of  8  questions. 

3  Objective  2c,  change  standard  to  read  "by  correctly 

answe.ring  4  out  of  6  questions." 

3  Objective  2d,  change  standard  to  read  "by  correctly 
answering  6  out  of  9  questions." 

4  Objective  2h,  change  standard  to  read  "by  correctly 
answering  4  out  of  6  questions." 

5  Under  Student  Instructional  Materials,  add  AFM  85-12, 
Vols  I  and  II. (See  Instructor  Reference  Materials) 

10  Objective  4f,  change  standard  to  read  "by  correctly 

answering  6  out  of  8  questions." 

10  Objective  4h,  change  standard  to  read  "by  correctly 

answering  6  out  of  8  questions. 

10  Objective  4 j ,  change  standard  to  read  "by  correctly 
answering  SOS  of  the  questions." 

11  Objective  41,  change  standard  to  read  "by  correctly 
answering  5  out  of  7  questions." 

13  Objective  5b,  cht^nge  standard  to  read  "by  correctly 

answering  2  out  of  3  questions." 

13  Objective  5c,  change  standard  to  read  "by  correctly 

answering  2  out  of  3  questions." 

25  Objective  5c,  change  standard  to  read  "by  correctly 

identifying  the  amper^cr^  characteristics  of  3  out  of 
4  electrical  devices . 

33  Objective  2*.,  change  time  in  column  2  to  (2.5/1). 

^11  33  Objective  2b,  change  time  in  column  2  to  (2.5/1). 

53  Objective  5c,  change  standard  to  read  "by  correctly 

answering  3  out  of  4  questions." 

53  Objective  5e,  change  standard  to  read  "by  correctly 

answering  6  out  of  8  questions." 
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BLOCK  PAGE  ACTION 

V  57  Objective  2b,  change  standard  to  read  "by  correctly 

answering  2  out  of  3  questions 

VI  67  Objective  lb,  change  standard  to  read  "by  correctly 

identifying  10  out  of  14  components," 

VI  71  Objective  2b,  change  standard  to  read  "by  correctly 

answering  4  out  of  5  questions." 

VIII  101  Objective  6a,  change  standard  to  read  "by  correctly 

answering  5  out  of  7  questions." 
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POI  J3ABR54532  001,  Changed  20  September  1985. 
WRITE-IN  CHANGES 


BLOCK 

I 

V 


PAGE 
15 
:>6 

61 


EFFECTIVE  DATE:     3  October 


ACTION 


paragri^.h  8.     MT:     Physical  Conditioning  (Day  5)  2 

Under  Training  Methods,  Change  Lecture/Discussion  to 
(3.5  hrs)  and  Add  Performance  (2.5  hrs) . 

Objective  4a,  Delete  STS  Elements  13b(2) ,  13b(3),  and 
13b(4).     


ERIC 


V 

9 


PLAN  OF  INSTRUCTION/LESSON  PLAN  PART  i 

NAME  OF  INSTRUCTOR 

COURSE  TITUe 

Heating  Systems  Specialist 

Fundamentals  and  Pipefitting 

1-                                                                        COURSE  CONTENT 

Z  TIME 

1.  Orientation 

a.  Welcome 

b.  Overview  of  course  content,  its  goals  and  administration 

(1)  Overview  of  course 

(2)  Course  objectives  and  goals 

(3)  Course  administration 

c.  Responsibilities  of  students 

d.  Relationship  of  graduate's  performance  to  Air  Force  mission 

e.  Benefits  of  the  CCAF  and  its  assignments  of  academic  credit  for 
training  completed  at  regional  accredited  institutions 

f.  Types  and  uses  of  instructional  materials 

g.  Student  progress  policies  to  include: 

(1)  Progress  checks 

(2)  Written  tests 

(3)  Special  individual  assistance 

(4)  Proficiency  advancement 

(5)  School  grading 

h.  Student  recognition  program 

i.  Effective  study  technique 

j.    Safety  precautions  and  appropriate  instructions  on  personal 
protective  type  items  (when  not  covered  in  training  material) 

2/0 

SUPERVISOR  APPROV.  ^  OF  LESSON  PLAN 

SIGNATURE  AND  DATE 

SIGNATURE  AND  DATE 

POl  NUMBER  SLOCK 

J3ABR54532  001  I 

A*r/*      FORM  OBv\/i/^its 

UNIT  DATE 

1           3  January  1984 

PAGE  NO. 

1 

ATC    juN7a      133  previous  coitioh  odsduete 


ERiC  1 0 


COURSE  CONTENT 


k.    Procedures  for  shelter  exercises  and  fire  evacuation  plan 

(1)  Fire  drill 

(2)  Tornado  alert 

(3)  Nuclear  alert 

1.    Student  critique  program  and  its  objective 

m.    Conservation  of  training  materials,  resources  and  energy 

n.    Fraud,  Waste  and  Abuse 

o.    Dispositon  of  eliminees 

p.  Instructions  for  completion  of  STTC  Form  120,  Processing  Checklist 
for  TOY  student  personnel 


SUPPORT  MATERIAL  AND  GUIDANCE 

Student  Instructional  Materials 
SG  o3ABk54532  QUl-I-1,  Orientation 
2ATCPT  52-11,  Study  Skills 

Audiovisual  Aids 

Prenarrated  Slide,  NSS55-42,  Student  Critique  Program 

Prenarrated  Slide,  NSSOO-44,  Community  College  of  the  Air  Force 

Prenarrated  Slide,  NSS60-67,  The  Generality  Barrier 

Training  Methods 
Lecture/Di scusslon  (2  hrs) 

Instructional  Guidance 

Welcome  students  to  course  and  introduce  course,  branch,  group,  and  school 
personnel  by  name.    Present  course  objective,  administrative  procedures,  and 
policies  by  discussing  each  subject  with  the  class. 
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PLAN  OF  INSTRUCTION/LESSON  PLAN  PART  1 

NAMEOF  INSTRUCTOR 

COURSE  TITUe 

Heating  Systems  Specialist 

Fundamentals  and  Pipefltting 

L                                                                     COURSE  CONTENT 

Z  TIME 

2*    civil  Engineering  Organization,  Safety,  and  Publications 

a.  Given  Information,  identify  basic  facts  of  CE  mission  and  CE 
STS:    l£        Meas:    PC                     ^  oU^  cf^  3 

(1)  Unit 

(2)  Squadrons 

(3)  Groups 

b.  Given  information,  identify  basic  facts  of  progression  in  the 
54  career  field  L|i4sjC^^i^"d  duties  and  responsibilities  of  the  545X2 
career  field  ty^^afisvferin^  a  minimum- iQf  70^  of  tho  questions. 

STS:    la ,  lb        Meas:    ?Z  ^<^oft^  ^ 

c.  Given  information,  ictentify  basic  facts  of  work  identification, 
work  authorization,  management  and  utilization  of  material  resources  by<3< 
answering  a  rointmijfij"^ul^Jj4l'it^[>  Wic  questions.        STS:    6a(3),  6a(4), 
6b(l),  6b(2),  6f  ^^ni{W5£>  re 

(1)  Work  identification                                                       ^  - 

(2)  Work  authorization 

(3)  Management  and  utilization  of  material  resources 

d.  Given  information,  identify^ baslCyfacts  of  AFOSH  Standards  and 
hazards  of  the  545X2  career  field                     aiminlmunytur  70^t  Uit 
questions.       STS:    3a,  3b^        Measr"  PC            6?  €>  uTt  oF  ^ 

(1)  AFR  0-17,  AFOSH  Standard  Index 

(2)  Hazards  of  the  545X2  career  field 

e.  Given  information,  explain  individual  responsibilities  toward 
safety  standards  by  answering  a  minimum  of  80%  of  the  questions. 
STS:    3d        Meas:  PC 

4/2 
(.5/0) 

(0/1.5) 
(1/0) 

(.5/0) 
(.25/0) 

SIGNATURE  AND  DATE 

VAU         L.t550W  PLAN  

'tCNATURK  AND  DATE 

POi  nUMBER                                                            j  BLOCK 

J3ABR54532  001                           I  I 

UNIT  DATE 

2           3  January  1984 

PAGE  NO. 
3 

ATC     jUM^Tij        133  ^REVIOUa  EDITION  OOaOLETE 


COURSE  CONTENT 


f.  (iiven  information,  determine    ifety  practices  when  working  with  (.5/„25) 
higi.  intensity  sound,  flammabl       chemicals,  and  acids  by  answering  a 

:  "im  v)f  80%  of  the  questions.        STS:     3e(3),  3e(4).  3e(5),  3e(6) 
Meas: 

(1)  High  intensity  sound 

(2)  Flammables 

(3)  Chemicals 

(4)  Acids 

g.  Given  infomiation,  correctly  determine  first  aid  procedures  for:      (.5/  25) 
electrical  shock,  control  bleeding,  traumatic  shock,  heat  exhai-stion  and 
neat  stroke  by  answering  a  minimum  of  80%  of  the  questions. 
TTS:    3f(l),  3f(2).  3f(3).  3f(4)         Meas:  PC 

(3)    Electrical  shock 

(2)  Control  bleeding 

(3)  Traumatic  shock 

(4)  Heat  exhaustion 

(5)  Heat  stroke 

h.  Given  information.  Identify  basic  facts  about  the  two  types  (.5/0) 
of  publication  systems  by  correctly  answering  a  minimum  uif  uF' 

*js»  questions.       STS:    £a,  4b        Meas.    PC      ^  OUt.  cf^ 

(1)  Standard  Publications 

(2)  Specialized 

-€1von  infornationi  name  the  publications  that  portain  to  the  (.25/0) 
■career  field  by  earrectly  di.!.wm  iiiy  a  minimum  of  70%  of  the 
q«e^*4^      STS:    4c,       Meas:    PC  ^ /^f:^  ^S-^,-^^  ;^^t^o^f/^ ^ 

(1)  AFR  91-7,  Heating  Joc^t-e,  /r7^orMA6 e> r?  /tJ O- /^"t^^A 

(2)  AFM  85-12.  Vol  I  ^T^'^-^C^'^  ^."'-^'^ 

(3)  AFM  85-12,  Vol  II 


i 


,  i 

POI  J3ABR54532  001  '  x- 
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COURSE  CONTENT 


SUPPORT  MATERIAL  Af!D  GUIDANCE 
Student  Instructional  Material s 

SG  J3ABR54532  001-1-2,  Civil  Engineering  Organization,  Safety,  and 
Publ  i cations 

WB  J3ABR54532  001-1-2,  Civil  Engineering  Organization,  Safety,  and 

Publications 
SG  AFS  54,  55,  56,  All  Courses  Safety 

2ATCPT-9039-01,  Civil  Engineering  Mechanical/Electrical  Carsar  Field  (541 

f         f  JOCl^cUf.  C^^^  .;^^ra^i^,  /^^.^^c^  ,^^J>.^^/0 

Audiovisual  Aids 

Transparencies 

Training  Methods 
Lecture/Discussion  (4  hrs) 
Directed  Study  (2  hrs) 

Instructional  Guidance 

The  third  hour  you  will  lecture  on  and  discuss  CE  mission,  CE  organization, 
54  career  ladder,  duties  and  responsibilities  of  545X2  career  field,  work 
identification,  work  authori zation^,  management  and  utilization  of  material 
resources.    You  will  lecture  on  and  discuss  AFOSH  Standards,  hazards  of  the 
545X2  career.  Individual  responsibilities  toward  safety,  safety  practices 
for  electrical  and  mechanical  equipment,  and  safety  practices  for  high 
Intensity  sound,  flammables,  chemicals  and  acids.    You  will  lecture  on  and 
discuss  first  aid  procedures  for  electrical  shock,  control  bleeding,  traumatic 
shock,  heat  exhaustion,  and  heat  stroke.    You  will  lecture  on  and  discuss  the 
two  types  of  publication  systems,  and  name  the  publications  that  pertain  to 
the  545X2  career  fields  and  assignment  -for  homework.    The  last  two  hours  of 
the  day  will  be  used  for  Directed  study. 

Instructor  Reference  Materials: 

AFR  85-1,  Resources  and  Work  Force  Management 

AFR  85-7,  MAJCOM  Engineer  and  Services  Organization  and  Functions 

127-1,  4,  5,  6,  7,  9,  11,  12,  31,  38,  40,  43,  AFOSH  Standards  in  Lieu  of 

AFR  127-101,  Ground  Accident  Prevention  Handbook 
AFR  39-1,  Airman  Classification  Regulation 

161-1,  2,  4,  8,  AFOSH  Standards  in  Lieu  of  AFR  127-101,  Ground  Accident 

Prevention  Handbook 
AFR  0-14,  Civil  Engineering  Publications  System 
AFR  0-2,  Air  Force  Regulation  System 

AFM  85-12,  Vol  I,  Operation  and  Maintenance  of  Central  Heating  Plants  and 

Distribution  Systems 
AFM  85-12,  Vol  II,  Operation  and  Maintenance  of  Space  Heating  Equipment  and 

Systems,  and  Process  Heat  Utilization 
AFR  91-7,  Heating 

TO-OO-5-1,  Air  Force  Tech  Order  System 
TO  31-10-3,  First  Aid 
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NAME  OF  iNitRudfOR 


PLAN  OF  INSTRUCTION/1, ESSON  PLAN  PART  I 


BLOCK  TITUE 

Fundamentals  and  Pipefitting 
T 


COURSE  TITUE 

He     ing  Systems  Special i st 


COURSE  CONTENT 


3,  Tools 


a.  Given  information,  select,  use  and  care  for  the  appropriate 
hand  tools,  with  a  maximum  of  two  instructor  assists,  STS-  3e(7) 
7a,  7b,  7c,        Meas:  PC 

(1)  Wrenches 

(2)  Screwdrivers 

(3)  Pipe  wrenches 

b.  Given  information,  select,  use  and  care  for  the  appropriate 
special  tools,  with  a  maximum  of  two  instructor  assists.       STS-  7d 
7e,  7f         Meas:    PC  '  — 


(1) 

Wiring  tool 

(2) 

Fuse  pul  ler 

(3) 

Line  wrench 

(4) 

Vi  ses 

(5) 

Bench  grinder 

c.    Given  information,  select,  use  and  care  for  the  appropriate 
precision  measuring  instruments,  with  a  maximum  of  two  instructor 
assists.        STS:  ,  7g,  7h,  7i         Meas:  PC 

(1)  Inside  and  outside  calipers 

(2)  ,  Gasket  cutter 

(3)  Wire  gauge 

SUPPORT  MATERIALS  AND  GUIDANCE 

Student  Instructional  Materials 
2TPT-3200-01,  Common  Hand  Tools 
WB  J3ABR54532  001-1-3,  Tools 


SUPERVISOR  APPROVAL  OF  LESSON  PLAN 


Z  TIME 


4/1 
(1.5/, 5] 


(1.5/ 
.25) 


(1/.25) 


SIGNATURE  AND  DATE 


SIGNATURE  AND  DATE 


POI  NUMBER 

J3ABR54532  001 


BLOCK 
I 


UNIT 

3 


DATE 

3  January  1984 


PAGE  NO. 
7 


ATC 


JUN  79 


133 


PREVIOUS  EDITION  OBSOUETE 

15 


COURSE  CONTENT 


Audiovisual  Aids 
Transparencies 

Training  Methods 
Uecture/Di  scussion  (1  hr) 
Demonstration  (.5  hr) 
Performance  (2.5  hrs) 
Directed  Study  (1  hr) 

Instructional  Guidance 

The  first  hour,  check  Directed  Study  for  previous  day's  work.    Lecture  on 
and  discuss  hand  tools,  special  tools,  and  precision  measuring  instruments. 
Demonstrate  how  to  select,  use  and  care  for  the  hand  tools,  special  tools 
and  precision  measuring  instruments.    Observe  students  while  th^  select, 
use  and  care  for  the  hand  tools,  special  tools,  and  precision  measuring 
instruments. 

Instructor  Reference  Materials: 
TO  32-1-101,  151,  171,  201 

AFM  85-12,  Vol  II,  Operation  and  Maintenance  of  Space  Heating  Equipment  and 

Systems,  and  Process  Heat  Utilization 
Modern  Refrigeration  and  Air  Conditioning  Textbook 
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PLAN  OF  INSTRUCTION/LESSON  PLAN  PART  1 

COURSE  TITUe 

Heating  Systems  Soecialist 

BLOCK  TITLE  — ^ —  —  ■ 

Fundamentals"  and  Pipefitting 

>•                                                                    COURSE  CONTENl 

2.  TIME 

4.  Pipefitting 

14/3 

a.    Given  information,  explain  basic  facts  about  the  types  and  sizes 
of  pipe  and  fittings,  by  correctly  answering  70%  of  the  questions. 
STS:    7g,  7h,  71,  10a(2),  10a(3)          Meas:  PC 

(1/.5) 

(1)  Pipes 

(2)  Fittings 

b.    Given  information,  hand  tools,  and  pipe,  measure,  cut  and  thread 
pipe,  with  a  maximum  of  two  instructor  assists.      STS:    7m,  7n,  7o 
10a(4).  10a(5),  10a(6)          Meas:    PC                                  »      »  . 

(3/. 25) 

(1)    Measuring  procedures 

(2)    Cutting  procedures 

(3)    Threading  procedures 

c.    Given  procedures,  mechanical  threader  and  pipe,  measure,  cut, 
and  thread  a  pipe  nipple  12  Inches  long,  with  a  maximum  of  three 
instructor  assists.      STS:          7p,  .7q,  7r,  10a(7) ,  10a(8)      Meas:  PC 

(1/.25) 

(1)    Cutting  procedures 

(2)    Threading  procedures 

d.    Given  Information,  select,  use,  and  care  for  installed  shop 
equipment,  with  a  maximum  of  two  Instructor  assists.     STS:    7d.  7a, 
7r       Meas:  PC 

(.5/0) 

(1)    Types  of  installed  equipment 

(2)    Operating  Instructions 

(3)    Maintenance  procedures 

SUPERVISOR  APPROVAL  OF  LESSON  PLAK 

SIGNATURE  AKO  DATE 

SIGNATURE  AND  DATE 

POI  NUMBER                                                              1  BLOCK 

J3ABR54532  001                           |  i 

ATr*      .fP.»*<_        no                                            PREMOiis  itrt 

UNIT             1    DATE  1 

4         1     3  January  1984  | 

PACE  NO. 

9 

erIc  ,  * 


COURSE  CONTENT 


e.    Given  infornuition,  hand  tools,  pipe  nipples  and  fittings,  (1.5/0) 

perform  procedures  for  fabricating  a  piping  system  which  will  main-  ~  

tair.  system  pressure  with  no  visible  leakage,  with  a  maximum  of  two 
.ns^ructor  assists.        STS:    10a(9)       Meas:  PC 

(1)  Selection  of  tools,  pipe  and  fittings 

(2)  Procedures  for  fabricating  a  piping  system 

^  f.    Given  information,  explain  basic  facts  about  types  and  sizes  of  (.257.5) 
vaiyes,  by  correctly  answering  7i»g-^  l\w  questions.       STS:  lOb(l), 
10b(2)        Meas:    PC  ^^'QS'  ^  ' 

(1)  Types  of  valves 

(2)  Sizes  of  valves 

g.  Given  information,  hand  tools  and  valves,  perform  basic  step-by-  (  ?5/0) 
step  procedures  for  doing  simple  maintenance  on  valves,  with  a  maximum 

of  two  instructor  assists.      STS:    10b(3).  lObU),  10b (5) ,  10b(6) 
Meas:    PC     ^   

(1)  Gate  valves 

(2)  Globe  valves 

(3)  Check  valves 

(4)  Plug  valves 

h.  Given  information,  identify  basic  facts  about  reinforced  thermo-  (1/.5) 
^^i*^"?«uf!x"  pipe,  by  correctly  answering  ^^Ofr-pf  tho  questions.  6o<^^OS^ 
STS:    IMil.  1M2I.  10d(3l.  10d(4).  10d(5).  10d(6)    Meas:    PC  ^ 

(1)  Uses 

(2)  Types 

(3)  Measuring  procedures 

(4)  Cutting  procedures 

(5)  Connecting  procedures 

i.  Given  special  tools  and  instructions,  measure,  cut  and  connect  (4/0) 
reinforced  thermosetting  resin  pipe,  with  a  maximum  of  three  instructor 
assists.     STS:    10d(4).  10d(5),  10d(6)        Meas:  PC 


POI  J3ABR54532  001  jq- 

18 

o 

ERIC 


COURSE  CONTENT 


(1)  Measuring  procedures 

(2)  Cutting  procedures 

(3)  Connecting  procedu'-es 

j.    Given  information,  identify  basic  facts  about  cross-connection,       (.25/. 5) 
backflow  by  correctly  answering  ^0%  of  the  questions.       STS:  3h 
Meas:    PC  — 


(1)    Cross  connection 


(2)  Backflow 


k.    Given  information,  identify  basic  facts  about  hazardous  piping,        (.25/. 5) 

by  correctly  answering  80%  of  the  questions.  STS:    lOe(l),  10e(2). 

10e(3).  10e(4)       Meas:    PC   ^   ^ 

(1)  Air 

(2)  Fuel  oil 

(3)  Gas 


(4)  Steam 


1.    Given  information,  blueprints,  drawings  and  symbols,  determine  (1/0) 
step-by-step  procedures  for  interpret^**  blueprints  and  drawings,  M^hcr 
a  maximuin  Q*"  .feiiS-jL"pt^Puctop  asgista,.  .     STS:    lOa(l)       Meas:    PC  ' 


(ir 


luepn 

(2)  Care  of  blueprints 

(3)  Lines  used  on  blueprints 

(4)  Scaling 

(5)  Symbols 


SUPPORT  MATERIALS  AND  GUIDANCE 

Student  Instructional  Materials 
SG  J3ABR54532  001-1-4,  Pipefitting 
WB  J3ABR54532  001-1-4,  Pipefitting 
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COURSE  CONTENT 


Audiovisual  Aids 

35mm  Slide  Presentation 

Transparencies 

Training  Film:    SAFB-213-B,  Piping  Safety 

Training  Equipment 
Hand  tools 
Pipe  and  Fittings 
Val ves 

Special  tools  for  cutting  and  threading  pipe 

Special  tools  for  cutting  and  connecting  thermosetting  resin  pipe 

Training  Methods 
Lecture/Discussion  (4  hrs) 
Demonstration  (1.5  hrs) 
Performance  (8.5  hrs) 
Directed  Study  (3  hrs) 

Instructional  Guidance 

Instruct  students  on  types  and  sizes  of  pipes  and  fittings;  on  measuring,  cutting 
and  threading  pipe  by  hand  and  power  threader  and  cutters.    Teach  proper  methods 
for  servicing  power  threader.    Demonstrate  proper  procedures  using  hand  and  power 
cutter  and  threader.    Observe  students  while  they  cut,  thread  and  connect  piping. 
Identify  types  and  sizes  of  valves.    Demonstrate  proper  maintenance  of  valves. 
Observe  students  while  they  perform  maintenance  on  valves.    Identify  basic  facts 
about  reinforced  thermosetting  pipe.    Demonstrate  procedures  for  connecting 
thermosetting  resin  pipe.    Observe  students'  connection  of  thermosetting  resin  pipe. 
Identify  basic  facts  about  cross-connection/backfl ow.    Identify  basic  facts  about, 
hazardous  piping  used  in  the  heating  career  field  in  accordance  with  ground  safety 
regulations.    Demonstrate  procedures  required  to  understand  blueprint  drawings  and 
symbols.    Check  Directed  Study  each  morning  and  sign  off  all  criterion  objectives 
when  completed. 

Instructor  Reference  Materials: 

AFM  85-12,  Vol  II,  Operation  and  Maintenance  of  Space  Heating  Equipment  and 

Syston,  and  Process  Heat  Utilization 
AFM  91-6,  Maintenance  and  Operation  of  Gas  Systems 

AFM  85-21,  Operation  and  Maintenance  of  Cross-Connection  Control  and  Backflow 
Prevention  Devices 
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NAMEOF  INiTRUCTOR" 


PLAN  OF  INSTRUCTION/LESSON  PLAN  PART  I 


BLOCK  TITLE 

Fundamentals  and  Pipefitting 


COURSE  TJTLE 

Heating  Systems  Specialist 


1. 


COURSE:  CONTEMT 


Principles  of  Heating 


a.  Given  information,  identify  basic  facts  of  the  structure  of 
matter  and  thermodynamics,  by  correctly  answering  70%  of  the  questions, 
STS:    12a.  12b,  l2c,  12d,  IZe,  12f,  12£,  12i,  22k       Meas:  PC 

(1)  Matter 

(2)  Thermodynamics 

b.  Given  information,  identify  basic  facts  of  the  laws  of  gases 
by  correctly  answering  7Q%  mC  LIil»  questions.       STS:  12h 

Meas:    PC  :i<s,at^3   

(1)  Boyles'  Law 

(2)  Charles'  Law 

(3)  Dalton's  Law 

c.  Given  information,  identify  basic  facts  of  metric  convorsion 
by  correctly  answering  70%  <sf  tha  questions.       STS:  12j 

Meas:    PC  ^oUt^S 

(1)  Temperature 

(2)  Length 

(3)  Weight 

(4)  Volume 

SUPPORT  MATERIALS  AND  GUIDANCE 


Student  Instructional  Materials 

SG  J3ABR54biiiJ  001-1-5,  Principles  of  Heating 

WB  J3ABR54532  001-1-5,  Principles  of  Heating 

Audiovisual  Aids 
Transparencies 


ERIC 


Z  TIME 


4.5/0 
(2.5/0) 


(.5/0) 


(1.5/0) 


SUPERVISOR  APPROVAL  OP  LI^SSOM  PLAN 

SIGNATURE  AND  DATE 

PCI  NUMBER                                                            1  BLOCK 

J3ABR54532  001                           1  I 

UNIT                  DATE  1 

3  January  1984  | 

PAOCNO. 
13 

COURSE  CONTENT 


Training  Methods 
Le ct ur e/ D i sc u s s i on  (3  hrs) 
Demonstration  (.5  hr) 
Performance  (1  hr) 

Instructional  Guidance 

Instruct  students  on  basic  structure  of  natter.    Explain  thermodynamics  and 
how  It  applies  to  heating.    Discuss  application  of  Boyles',  Charles'  and 
Dalton  s  Laws.    Discuss  and  demonstrate  the  procedures  used  in  metric  conver- 
sion for  temperature,  length,  weight  and  volume.    Summarize  complete  block 
and  explain  how  it  fits  in  with  the  remainder  of  the  course. 

Instructor  Reference  Materials: 

Textbook,  Modern  Refrigeration  and  Air  Conditioning 
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NAME  or  INSTRUCTOR 


PLAN  OF  INSTRUCTION/LESSON  PLAN  PART  I 


BLOCK  TITLE 

Fundamentals  and  Pipefitting 


COURSE  TITLE 

Heating  Systems  Special  1 st 


1. 


COURSE  CONTENT 


2.  TIME 


6.    EPS  Awareness 


0/2 


a.    Given  information  on  EPS,  develop  a  working  knowledge  of 
engineered  performance  standards  by  answering  7  out  of  10  questions 
correctly.      STS:    6b(3)    Meas:  PC 

SUPPORT  MATERIALS  AND  GUIDANCE 

Student  Instructional  Materials 

Directed  Study,  Engineered  Performance  Standards 

Training  Methods 
b-irected  Study  (2  hrb) 


Instructional  Guidance 

Handout  Directed  Study  book  on  EPS  on  the  fourth  day  of  course 
and  give  progress  check  at  beginning  of  Day  5. 

7.    Written  Test  and  Test  Critique 

a.  Written  Test 

b.  Test  Critique 


1.5 
(1.0) 
(0.5) 


SIGNATURE  AND  DATE 

POI  NUMBER                                                            1  BLOCK 

J3ABR54532  001                           I  I 
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PLAN  OF  INSTRUCTIOM/LESSOM  PLAN  PART  1 

N  AMC  O  F  {NSTRUCTOR 

COURSE  TITUe 

Heating  Systems  Specialist 

Basic  Electricity 


COURSE  CONTENT 


1.    Electrical  Fundamentals 


a.  Given  information.  Identify  basic  facts  relating  to  electrical 
fundamentals,  by  correctly  answering  70%  of  the  questions. 

STS:    8a,  8e    Meas:  PC 

(1)  Electron  theory 

(2)  Voltage 

(3)  Current 

(4)  Resistance 

(5)  Electrical  wiring  practices 

(6)  Controlling  electricity 

(7)  Electrical  symbols  and  diagrams 

b.  Given  fuses,  fuse  puller  and  fused  safety  switch.  Install 
circuit  protective  devices  with  a  maximum  of  two  Instructor  assists. 
STS:    3e(l),  8g(2)       Meas:  PC 

SUPPORT  MATERIAL  AND  GUIDANCE 

Student  Instructional  Materials 

SG  J3ABR54532  001-11-1,  Electrical  Fundamentals 

WB  J3ABR54532  OOl-II-l,  Electrical  Fundamentals 

Audiovisual  Aids 

Transparencies,  Electrical  Fundamentals 
Training  Film,  Wire  Size  and  Voltage  Drop 

Training  Methods 
Lecture/Discussion  (5  hrs) 
Demonstration  (.5  hr) 
Performance  (.5  hr) 
Directed  Study  (2  hrs) 


SUPERVISOR  APPROVAL  OF  LESSON  PLAN 


2.  TIME 


6/<- 
(5/2) 


(1/0) 


SIGNATURE  AND  DATE 


SIGNATURE  AMD  DATE 


POl  NUMBER 

J3ABR54532  001 


ATC 


BLOCK 
II 


UNIT 
1 


JUN  78 


133 


DATE 


ERIC 


PREVIOUS  eanoN  obsolete 
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PAGE  NO. 
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COURSE  CONTENT 


Instructional  Guidance 

Discuss  basic  facts  about  electrical  fundamentals  relationship  between 
voltage  current  and  resistance,  wiring  practices  and  controlling  devices. 
Explain  purpose  and  types  of  circuit  protective  devices.    Rive  Directed 
Study  assignment  on  Electrical  Fundamentals. 

Instructor  Reference  Materials: 

AFP  85-1,  Electrical  Facilities  Safe  Practice  Handbook 


I 
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PLAN  OF  INSTRUCTION/LESSON  PLAN  PART  1 

NAME  OF  INSTmjCTOR 
BLOCK  TITLE 

COU  RSE  TITLE 

Heating  Systems  Specialist 

Basic  Electricity 


COURSE  CONTENT 


2.    Theory  of  Maynetism  and  Transformers 

a.    Given  information,  identify  basic  facts  relating  to  the  theory 
of  magnetism  and  transformers,  by  correctly  answering  70%  of  the 
questions.    STS:    8£      Meas:  PC 

(1)  Magnetism 

( 2 )  El ectr omagneti  sm 


2.  TIME 


3/1 


(3)  Trensformers 

SUPPORT  MATERIAL  AND  GUIDANCE 


Student  I ns true ti  onal  Materi  al s 

SG  03ABR54532  uui-II-Z.  Theory  of  Magnetism  and  Transformers 
WB  J3ABR54532  001-II-2,  Theory  of  Magnetism  and  Transformers 

Audiovisual  Aids 

Transparencies,  Theory  of  Magnetism  and  Transformers 


Training  Equipment 
Magnets 

Solenoid  Valves 
Control  Relays 
Control  Transformers 
Ignition  Transformers 

Trai ni  ng  Methods 
Lecture/DI scussi on  (2  hrs) 
Demonstration  (.5  hr) 
Performance  ( .5  hr) 
Directed  Study  (1  hr) 

Instructional  Guidance 

Discuss  theory  of  Magnetism  and  Transformers.    Explain  and  demonstrate 
magnetism,  electromagnetism,  and  transformers.    Explain  permanent  and 
temporary  magnets,  electromagnets,  and  their  relationship  to  trans- 
forming electricity. 


SUPERVISOR  APPROVAL  OF  LESSON  PLJiM 

SIGNATURE  AND  DATE 

PCI  NUMBER  BLOCK 

1  J3ABR54532  001  II 

UNiT             1  DATE 
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NAMCOF  l^if  RlicT6R 


PLAN  OF  IHSTRUCTIQN/LESSON  PLAN  PART  I 


BLOCK  TITLE 

Basic  Electricity 


COURSE  TITLE 

Heating  Systems  Specialist 


COURSE  CONTENT 


3*    Types  and  Characteristics  of  Electrical  Circuits 

a.  Given  information,  identify  basic  facts  relating  to  types  and 
characteristics  of  electrical  circuits,  by  correctly  answering  70%  of 
the  questions,    SIS:    8b(l),  8b(2),  8b(3),  3d(lK  8d(2),  8d(3).  8e 
8g(4)     Meas:    PC  — 

(1)  Basic  electrical  circuits 

(2)  Ohm's  Law  for  DC  circuits 

(3)  Characteristics  of  series  and  parallel  circuits 

(4)  Characteristics  of  series-parallel  circuits 

b.  Using  electrical  circuit  trainer,  construct  electrical 
circuits,  with  a  maximum  of  two  Instructor  assists. 

STS:    3e(l),  8g(3),  8g(4)       Meas:  PC 

(1)  Electrical  safety 

(2)  Simple  circuit 

(3)  Series  circuit 

(4)  Parallel  circuit 

(5)  Series-parallel  circuit 

SUPPORT  MATERIAL  AND  GUIDANCE 
Student  I nstructi onal  Naterl al s 

SG  J3ABR54532  QOl-II-3,  Types  and  Characteristics  of  Electrical  Circuits 
WB  J3ABR54532  001-II-3,  Types  and  Characteristics  of  Electrical  Circuits 

Audiovisual  Aids 

Transparenci^esT^ypes  and  Characteristics  of  Electrical  Circuits 

Training  Equipment 
Electrical  Circuit  Trainers 


Z  TIME 


6/2 
(VI) 


(3/1) 


gjPERVtSOR  APPROVAL  OF  LESSON  PLAN 


SIGNATURE  AND  DATE 


SiCWATURE  AMD  DATE 
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COURSE  CONTENT 


Training  Methods 
Lecture/ Di  scussion  (2  hrs) 
Demonstration  (1.5  hrs) 
Performance  (2.5  hrs) 
Directed  Study  (2  hrs) 

Instructional  Guidance 

Discuss  types  and  characteristics  of  electrical  circuits.  Explain 
and  demonstrate  the  use  of  Ohm's  Law  as  It  relates  to  electrical  circuits. 
Demonstrate  construction  of  simple,  series,  parallel,  and  series-parallel 
circuits-.    Emphasize  the  use  of  electrical  safety  practices  when  working 
with  electrical  equipment.    Give  Directed  Study  assignment  on  Types  and 
Characteristics  of  Electrical  Circuits. 


PCI  J3ABR54532  001 


28 


2? 


M  AM  £  Q  F  tNSTRUCTOR 


PLAN  OF  INSTRUCTION/LESSON  PLAN  PART  I 


BLOCK  TITLE 

Basic  Electricity 


COURSE  TITLE 

Heating  Systems  Specialist 


1. 


COURSE  CONTENT 


2.  TIME 


4.    Electrical  Wiring  Diagrams 

a.    Using  electrical  drawings,  trace  electrical  circuits  to  deter- 
mine operating  characteristics,  by  answering  correctly  70%  of  the 
questions.       STS:    8g(l)       Meas:  PC 


3/1 


SUPPORT  MATERIAL  AND  GUIDANCE 
Student  Instructional  Materials 

SG  J3ABR54532  001-II-4,  Electrical  Wiring  Diagrams 
WB  J3ABR54532  001-II-4,  Electrical  Wiring  Diagrams 

Audiovisual  Aids 

Transparencies,  Electrical  Wiring  Diagrams 

Training  Methods 
Lecture/Discussion  (1  hr) 
Demonstration  (.5  hrs) 
Performance  (1.5  hrs) 
Directed  Study  (1  hr) 

Instructional  Guidance 

Discuss  basic  facts  relating  to  electrical  wiring  diagrams  and  symbols. 
Explain  procedures  for  reading  and  using  electrical  drawings.  Explain 
the  electrical  symbols  used  in  electrical  drawings.    Give  Directed  Study 
assignment  on  Electrical  Wiring  Diagrams. 


SIGNATURE  AND  DATE 
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PLAH  OF  INSTRUCTION/LESSON  PLAN  PART  I 


COURSE  TITLE 


BLOCK  TITLE 


Heating  Systems  Specialist 


Basic  Electricity 


1. 


COURSE  CONTENT 


2.  TIME 


5.    Electrical  Test  Equipment 

a.  Using  multimeter,  select,  care  and  use  the  ohmmeter  function 
(continuity),  by  correctly  identifying  the  resistance  characteristics 
of  70X  of  the  electrical  devices.       STS:    7s,  7t,  7u,  8g(4)      Meas:  PC 

b.  Using  multimeter,  select,  care  and  use  the  voltmeter  function, 
by  correctly  identifying  the  voltage  characteristics  of  70%  of  the 
electrical  devices.       STS:    7s,  7t,  7u,  8g(4)      Meas:  PC 


3/1 
(1/.25) 


(1/.5) 


c.    Using  multimeter,  select,  care  and  use  the  ammeter  function, 

by  correctly  identifying  the  amperage  characteristics  of  70%  oT  irinL  3 

electrical  devices.    STS:    7s,  7t,  7u,  8g(4)      Meas:  PC 

SUPPORT  MATERIAL  AND  GUIDANCE 

Student  Instructional  Materials 

SG  J3ABR54532  001-II-5,  ElectrTcal  Test  Equipment 

WB  J3ABR54532  001-II-5,  Electrical  Test  Equipment 

Audiovisual  Aids 


(1/.25) 


Transparencies,  Electrical  Test  Equipment 

Training  Equipment 
Multimeters 

Continuity  Training  Aids 


'.5 


Training  Methods 
Lecture/Discussion  v 
Demonstration  (.5  hr) 
Performance  (2  hrs) 
Directed  Study  (1  hr) 


hr) 


Instructional  Gui^^ance 

Explain  the  uses  of  different  electrical  test  equipment.    Discuss  uses 
of  ohmmeter,  voltmeter,  and  ammeter.    Demonstrate  proper  maintenance 
procedures  and  uses  of  meters.    Demonstrate  procedures  for  determining 
voltage,  current  and  resistance. 
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PLAN  OF  INSTRUCTION/LESSON  PLAN  PART  I 


BLOCK  TITUE 

Basic  Electricity 


COU  RSE  Tl  TL  E 


Heating  Systems  Specialist 


COURSE  CONTENT 


Z  TIME 


6.    Electrical  Motors  and  Motor  Starters 

a.  Given  information,  identify  basic  facts  relating  to  electrical 
motors  and  motor  starters,  by  correctly  answering  70%  of  the  questions, 
SIS:    8f(l),  8f(7),  8f(8)         Meas:  PC 

(1)  Basic  construction  features  of  electric  motors 

(2)  Theory  of  operation  of  electric  motors 

(3)  Terminology 

(4)  Motor  starters  and  overload  protectors 

(5)  Motor  safety 

b.  Using  a  trainer,  remove  and  replace  electric  motor,  with  a 
maximum  of  two  instructor  assists.       STS:    3e(2).  3e(7), 

.     Mil.  §1111'  81^(4)       Meas:  PC   

(1)  Removal  procedures 

(2)  Replacement  procedures 

c.  Using  the  single-phase  and  three-phase  motor  trainers,  reverse 
the  motor  rotation,  with  a  maximum  of  two  instructor  assists. 

STS:    3e(2).  8f(4),  8f(5)         Meas:  PC 

(1)  Single-phase 

(2)  Three-phase 

d.  Using  the  three-phase  motor  trainer,  inspect  and  maintain 
motor,  with  a  maximum  of  two  instructor  assists.       STS:  3e(2). 
8f(6)         Mtas:  PC 


7.5/1 
(2/1) 


(2/0) 


(2/0) 


(1.5/0) 


SUPPORT  MATERIAL  AND  GUIDANCE 
Student  Ins true ti onal  Material s 

b(i  j;jABR54b;ji:  uui-ii-b.  Electrical  Motors  and  Motor  Starters 
WB  J3ABR54532  001-II-6,  Electrical  Motors  and  Motor  Starters 


SUPERVISOR  APPROVAL  OF  LESSON  PLAN 


SIGNATURE  AND  DATE 
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COURSE  CONTENT 


Audiovisual  Aids 

Transparencies,  Electrical  Motors  and  Motor  Starters 
Training  Equipment 

Single-Phase  and  Three-Phase  Motor  Trainers 

Multimeters 

Hand  Tools 

Fur  nace  Blower  Assemblfes 

Training  Methods 
Lecture/Discussion  (2.5  hrs) 
Demonstration  (.5  hr) 
Performance  (4.5  hrs) 
Directed  Study  (1  hr) 

Instructional  Guidance 

Discuss  electrical  motors  and  motor  starters  and  their  uses  in  heating 
systens.    Discuss  and  demonstrate  basic  construction  features  of  electrical 
motors.    Explain  theory  of  operation  of  motors.    Discuss  motor  protection 
devices.    Explain  procedures  for  removing  and  replacing  electrical  motors. 
Demonstrate  procedures  used  to  reverse  rotation  of  single-phase  and  three- 
phase  motors.    Discuss  maintenance  procedures  for  electrical  motors. 
Discuss  safety  when  working  with  electrical  motors.    Give  Directed  Study 
assignment  on  Electrical  Motors  and  Motor  Starters. 

7.    Written  Test  and  Test  Critique 

(a)  Written  Test 

(b)  Test  Critique 


8.    MT:    Physical  Conditioning  (Day  10) 
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PLAN  OF  INSTRUCTION/LESSON  PLAN  PART  1 


BLOCK  TITUE 

Controls,  Troubleshooting  and  Oil  Burners 


COURSE  TITLE 

Heating  Systems  Specialist 


COURSE  CONTENT 


1.    Electrical  and  Electronic  Controls 


a.  Using  information  given,  explain  facts  about  the  purpose,  use 
of  and  principles  of  operation  of  electrical  control s^  by  correctly 
answering  70%  of  the  questions.      STS:    9a(l)(a) ,  9a(l)(b).  9a(2), 
9a(3)         Meas:    PC  —  —        ^  — ^ 

(1)  Purpose  of  electrical  controls 

(2)  Use  of  electrical  controls 

(3)  Principles  of  operation 

b.  Given  tools  and  equipment,  adjust  electrical  controls  to  assure 
proper  operation  with  instructor  assistance.      STS:    3e(7) .  9a(4) 
Meas:    PC  — ^ 

(1)  Adjustment  procedures 

(2)  Safety 

c.  Using  information  given,  identify  basic  facts  relating  to 
electronic  controls,  by  correctly  answering  70%  of  the  questions. 
STS:    9b(l),  9b(2)         Meas:  PC 

(1)  Purpose  of  electronic  controls 

(2)  Use  of  electronic  controls 

d.  Using  information  given,  identify  the  facts  about  the  theory  of 
operation  and  use  of  pneumatic  controls  by  correctly  answering  70%  of 
the  questions.      STS:    9c(l)  >  9c(2)         Mp?is:  PC 

(1)  Theory  of  operation 

(2)  Use  of  pneumatic  controls 

e.  Using  information  given,  explain  the  basic  procedures  to  remove, 
replace,  adjust,  maintain  and  troubleshoot  pneumatic  controls  and  equip- 
ment, and  how  to  install  pneumatic  control  pipes,  tubes  and  valves,  by 
correctly  answering  70%  of  the  questions.      STS:    9c(3),  9c(4),  9c(5), 
9c (6) ,  9c(7),  9c(8)         Mees:    PC  — ^  — ^  — ^ 


2.  TIME 


7/2 

(3/1.0) 


(1.0/ 
.25) 


(1-5/ 
.25) 


(1/.25) 


(.5/ 
.25) 
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COURSE  CONTENT 


(1)  Procedures  to  remove,  replace,  adjust  and  maintain 
pneumatic  controls 

(2)  Troubleshooting  pneumatic  controls  and  equipment 

(3)  Installation  of  control  pipes,  tubes  and  valves 


SUPPORT  MATERIAL  AND  GUIDANCE 
Student  Instructional  Materials 

SG  J3ABR54532  OOl-III-l,  Electrical  and  Electronic  Controls 
WB  J3ABR5'T532  OOl-III-l,  Electrical  and  Electronic  Controls 

Audiovisual  Aids 

Transparencies,  Electrical  Controls 
Training  Equipment 

Trainer,  Warm  Air  Furnace,  Low-Voltage  Circuit 
Trainer,  Warm  Air  Furnace,  Line-Voltage  Circuit 
Trainer,  Control  System  Hot  Water  Boiler 
Trainer,  Electronic  Flame  Safeguard 

Training  Methods 
Lecture/Di scussion  (6.0  hrs) 
Demonstration  (.5  hr) 
Performance  (.5  hr) 
Directed  Study  (2.0  hrs) 

Instructional  Guidance 

Have  all  trainers  and  equipment  available  and  emphasize  safety  when  working  with 
the  trainers.    Explain  the  purpose  of  and  use  of  electrical  controls  and  the 
principles  of  operation  of  two-position  and  modulating  controls.    Talk  about  and 
show  the  different  types  of  controls  used  in  the  heating  field.    After  you  have 
finished  this,  take  the  students  to  the  lab  and  have  them  adjust  the  heat  antici- 
pator on  a  thermostat.    Once  you  have  completed  this,  continue  on  by  telling  the 
students  about  the  basic  facts  relating  to  electronic  controls  and  how  and  where 
we  use  them  in  heating.    Using  transparencies,  show  the  students  the  pneumatic 
control  system  and  explain  the  theory  of  operation  and  use  of  pneumatic  controls. 
Explain  the  basic  procedures  to  remove,  replace,  adjust,  maintain,  and  troubleshoot 
pneumatic  controls  and  equipment  and  how  to  install  pneumatic  control  pipes,  tubes 
and  valves.    Directed  Study  assignments  for  this  objective  will  be  given  at  the  end 
of  day  11.    Check  for  completion  of  exercises  at  the  start  of  day  12. 
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COURSE  CONTENT 


Instructor  Reference  Materials: 

Electric  Controls  for  Refrigeration  and  Air  Conditioning  by  B.  C.  Langley 
Electric  Control  Circuits  by  Minneapolis-Honeywell  Regulator  Company 
Technical  Data  File  No.  77-1014,  Modern  Refrigeration  and  Air  Conditioning 
Commercial/Industrial  Flame  Safeguard  Controls  by  Honeywell 
RA890  and  R4795  Honeywell  Service  Handbook 

AFM  85-12,  Vol  II,  Operation  and  Maintenance  of  Space  Heating  Equipment  and 
Systems,  and  Process  Heat  Utilization 
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PLAN  OF  INSTRUCTION/LESSON  PLAN  PART  I 

I COURSE  TITUE 
Heating  Systems  Specialist 


Controls,  Troubleshooting  and  Oil  Burners 


COURSE  CONTENT 


2.  TIME 


2.    Troubleshooting  of  Electrical  Contrx)ls 

a.    ttoing  Infnntintlon  gfveii,  ui.|j1jiii  fchu  step-by-step  procedures, 
nn :  :.i '.iiji  ij  troubleshoot  electrical  controls  on  a  warm  air  ^\xtx\^q.^'^i^£^ 
hy  cnrrprtly  answftt*1ng  /ut  or-ttTO-yte5U(w&.    STS:    7g.  7h,  71,  jt\rHi 
9a(5l,::S»         Meas:  PC 


-5/2/ . 


drawl ngs 


^ — Ti  uuble&houltiiy  pi  ucedm  fjs  oP  saPely  uo..l.  ol  uystonis 

b.    Given  tools  and  equipment,  trace  electrical  circuits.  Isolate 
electrical  malfunctions,  and  perform  minor  repairs  to  electrical 
circuits,  with  Instructor  assistance.       STS:    3e(2).  8q(5)  8g(4) 
8g(6)         Meas:    PC  — *   — ^ — 

(1)  Tracing  of  electrical  circuits  using  diagrams  and 

(2)  Isolati.ig  of  electrical  malfunctions 

(3)  Minor  repair  procedures  of  electrical  circuits  and  units 

(4)  Electrical  and  mechanical  safety 

SUPPORT  MATERIAL  AND  GUIDANCE 
Student  I nstructi onal  Materl al s 

SG  U3ABR5453Z  001-lii-z,  Troubleshooting  of  Electrical  Controls 
WB  J3ABR54532  001-III-2,  Troubleshooting  of  Electrical  Controls 

Audiovisual  Aids 

Transparencies,  Electrical  Circuits  and  Controls 
Training  Equipment 

Trainer,  Warm  Air  Furnace,  Low-Voltage  Circuit 
Trainer,  Warm  Air  Furnace,  Line-Voltage  Circuit 
Trainer,  Warm  Air  Furnace 
Multimeter 
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COURSE  CONTENT 


Training  Methods 
Lecture/Discussion  (0.5  hrs) 
Demonstration  (.5  hr) 
Perfonnance  (4.0  hr) 
Directed  Study  (2.0  hrs) 

Instructional  Guidance 

Have  all  trainers  and  equipment  available  and  emphasize  safety  when 
working  with  the  trainers.    Explain  and  demonstrate  the  step-by-step 
procedures  necessary  to  troubleshoot  electrical  methods,  trace  electrical 
circuits,  isolate  electrical  malfunctions  and  perform  minor  repairs  to 
electrical  circuits.    Directed  Study  assignments  for  this  objective  will 
be  given  at  the  end  of  day  12.    Check  for  completion  of  exercises  at  the 
start  of  day  13. 

Instructor  Reference  Materials: 

Croft's  American  Electrician's  Handbook,  Eighth  Edition,  by  McGraw-Hill 
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NAME  OF  INiTRUCTOlT 


PLAN  OF  INSTRUCTIOH/LESSON  PLAN  PART  I 


BLOCK  TITLE  __  . 

Controls,  Troubleshooting  and  Oil  Burn e r s 


COURSE  TITLE 

Heating  Systems  Specialist 


1. 


COURSE  CONTENT 


3.    Combustion  Efficiency'  and  Draft 

a.  Using  information  given,  perform  combustion  analysis  and  com- 
pute combustion  efficiency  to  within  +  5%  of  the  instructor  results. 
STS:    7g,  7h,  7i ,  7j_,  7k,  Tl^,  7m,  7n,  To,  14j,  14k         Meas:  PC 

(1)  Procedures  for  performing  combustion  analysis 

(2)  Computation  of  combustion  efficiency 

b.  Using  information  given,  explain  the  procedures  necessary  to 

iri'^lf  III  *°  ^^1^1^  combustion  by  correctly  answering 

8C%  of  the  questions.      STS:    Ud  Meas:  PC 

(1)  Purpose  of  draft 

(2)  Mieasurement  of  draft 

SUPPORT  MATERIAL  AND  GUIDANCE 
Student  Instructional  Materials 

•  m  "Jo^noc^^H  001-III-3,  Combustion  Efficiency  and  Draft 
WB  J3ABR54532  001-III-3,  Combustion  EfficienQ'  and  Draft 

Audiovisual  Aids 

Transparencies,  Computing  Fuel  Requirements 
Slide  Set 

Training  Equipment 
Trainer,  Gas  Fired  Warm  Air  Furnace 
Trainer,  Oil  Fired  Warm  Air  Furnace 
Trainer,  Flue  Gas  Analyzers 

Training  Methods 
Lecture/Discussion  (1.5  hr) 
Demonstration  (.5  hr) 
Performance  (2.0  hr) 
Directed  Study  (1  hr) 


2.  TIME 


4/1 
(3.0/. 5) 


(.5/.-.) 


SIGNATURE  AND  DATE 


SUPERVISOR  APPROVAL  OF  LESSOK  PLAN 


POI  NUMBER 

J3ABR54532  001 


auocK 
III 


SIGNATURE  AMD  DATE 


UNIT 

3 


DATE 

3  January  1984 


PACE  NO. 

35 


JUN  7S 


133 


PREVIOUS  EnTION  OaS01.ETE 


COURSE  CONTENT 


Instructional  Guidance 

Have  all  trainers  and  equipment  available  and  emphasize  safety  when 
working  with  the  analyzers.    Explain  and  demonstrate  the  step-^by-step 
procedures  necessary  to  perform  combustion  analysis,  compute  combustion 
efficiency,  and  adjust  stack  draft.    Emphasize  energy  conservation 
throughout  lesson.    Make  sure  all  t'-ainers  and  equipment  have  been 
secured.    Directed  Study  assignments  for  this  objective  will  be  given 
at  the  end  of  day  13*    Check  for  completion  of  exsrcises  at  the  start 
of  day  14. 

Instructor  Reference  Materials: 

AFM  85-12,  Vol  I,  Operation  and  Maintenance  of  Central  Heatina  Plants 
and  Distribution  Systems 
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PLAN  OF  INSTRUCTIOH/LESSON  PLAN  PART  1  — 

NAMEOF  INSTRUCTOR 

COURSE  TITUE 

Heating  Systems  Special!  ,t 

BLOCK  TITUE 

Centrals,  Troubleshooting  and  Oil  Burners 

L                                                                      COURSE  CONTENT 

7.  TIME 

4.    Domestic  ano  Industrial  Oil  Burners 

13/3 

a.    Using  information  given,  explain  the  characteristics  of  oil, 
theory  of  gravity  and  forced  fuel  oil  supply  system,  and  the  theory  of 
construction  and  operation  of  rotary  pumps  by  correctly  answering  80% 
cf  the  questions.       STS:    13c(l),  15a,  15h  Meas: 

(1/1) 

(1)    Characteristics  of  oil 

(2)    Theory  of  gravity  and  forced  fuel  oil  supply  systems 

(3)    Theory  of  construction  and 

operation  of  rotary  pumps 

b.    Given  information,  tools  and  equipment,  install,  operate  and 
maintain  rotary  pumps  with  instructor  assistance.       STS:  3e(2), 
3e(4),  13c(2),  13c(3),  13c{4)      Meas:  PC 

I  75/ 
.25) 

(1)  .  Installation 

(2)  Operation 

(3)  Maintenance 

(4)  Safety 

c.    Using  information  given,  explain  the  procedures  necessary  to 
install  fuel  oil  piping  systems  and  storage  tanks,  by  correctly 
answering  80%  of  the  questions.       STS:    15k        Meas:  PC 

( .57.5) 

(1)    Components  of  fuel  oil  storage  tanks 

(2)    Fuel  oil  storage  tanks 

(3)    Types  of  fuel  oil  piping  systems 

d.    Given  information,  tools  and  equipment,  inspect  and  maintain 
fuel  oil  piping  systems  and  storage  tanks,  and  determine  the  quantity 
of  fuel  in  tank  with  instructor  assistance.       STS:    3e(4),  15i ,  15j, 
151          Meas:  PC 

(.75/0) 
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COURSE  CONTEMT 


'D    Inspection  of  fuel  oil  piping  systems  and  storage  tanks 

(2)  Maintenance  of  fuel  oil  piping  systems  and  storage  tanks 

(3)  Measurement  of  fuel  oil  in  tanks 

(4)  Safety 

e.    Using  Information  given,  explain  the  theory  of  construction  (2  0/ 

and  principles  of  operation  of  domestic  and  industrial  oil  burners    bv  1*25^ 
correctly  answering  80%  of  the  questions.       STS:    I7a(l),  I7a(2) 

(1)  Theory  of  construction 

(2)  Principles  of  operation 

^^ven  Information,  tools  and  equipment,  perform  preoperational  (6.0/0) 
checks;  operate,  adjust,  maintain,  troubleshoot,  and  replace  oil  burners 

iii^  i^raSbTzor'^'^";:  pc'"=  ^-  ^ 

(1)  Preoperational  Inspection 

(2)  Operation  procedures 

(3)  Adjust!T?€nt  procedures 

(4)  Maintenance 

(5)  Troubleshooting  procedures 

(6)  Replacement  procedures 

(7)  Safety 

g.    Given  Information,  tools  and  equipment,  remove  and  Install  (  75/0) 

electrical  controls  on  an  oil  fired  warm  air  furnace,  with  Instructor 
assistance.       STS;    9a(6),  9a(7)        Meas:  PC 

(1)  Removal  procedures 

(2)  Installation  procedures 

(3)  Electrical  safety 
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h.    Given  Information,  tools  and  equipment,  remove,  install  and  (  75/0) 

service  blowers;  inspect,  adjust,  a?  gn  and  replace  couplings,  pulleys 
and  drive  belts  on  a  warm  air  furnace  with  Instructor  assistance. 

20e(l),  20e(2),  20e(3),  20e(4).  20e(5),  20e(6). 
20e(7)        Measl  TC          

(1)  Removal,  Installation,  and  servicing  of  blowers 

(2)  Inspection,  adjustment,  alignment  and  replacement  of 
couplings,  pulleys  and  drive  belts 

(3)  Safety 

1.    Given  Information,  tools  and  equipment,  remove.  Install  a  warm        (  5/0) 
air  furnace,  connect  exhaust  outlets  to  flues  or  stacks,  and  adjust 
fuel -air  ratio  for  proper  combustion  efficiency  on  an  oil  burner  with 
instructor  assistance.       STS:    3e(2),  3e(7),  171,  19d,  19e,  19n 
Meas:  PC         

(1)  Furnace  removal  procedures 

(2)  Installation  of  furnaces 

(3)  Connection  of  exhaust  outlets  to  flues  or  stacks 

,  Adjustment  of  fuel-air  ratio  for  proper  combustion 

efficiency 

SUPPORT  MATERIAL  AND  GUIDANCE 
Student  Instructi onal  Materl al s 

5G  J3ABR54b3Z  001-111-4,  Domestic  and  Industrial  Oil  Burners 
WB  J3ABR54532  001-III-4,  Domestic  and  Indust;Mal  Oil  Burners 

Audiovisual  Aids 
transparencies.  Oil  Burners 
Film,  Oil  Burners 

Training  Equipment 

irainer,  oil  burner 

Trainer,  Oil  Fired  Warm  Air  Furnace 

Trainer,  Gas  Flue  Analyzer 

Training  Methods 
Lecture^Discusslon  (6.0  hrs) 
Demonstration  (l.O  hr) 
Performance  (6.0  hr) 
Directed  Study  (3  hrs) 
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Instructional  Guidance 

Have  all  equipment  and  trainers  available  and  emphasize  safety  when  working  with 
the  trainers.    Explain  the  characteristics  of  oil,  the  different  types  of  oil 
piping  systems  and  their  components  and  how  to  maintain  them.    Take  class  to  the 
lab  and  have  them  dip  the  fuel  oil  tank.    Using  transparencies,  show  the  students 
the  different  types  of  fuel  oil  pumps  and  their  operation.    Explain  about  the 
different  the  types  cf  industrial  and  domestic  oil  burners  and  their  operation. 
Demonstrate  to  the  students  hovv  to  properly  remove,  disassemble,  clean,  reassemble, 
and  operate  the  domestic  gun  burner.    Explain  and  demonstrate  how  to  remove,  install 
and  service  blowers.    Go  over  the  proper  procedures  used  to  inspect,  adjust,  align 
-nd  replace  couplings,  pulleys  and  drive  belts.    Once  you  have  completed  all  the 
duove,  take  the  class  to  the  lab  and  demonstrate  how  to  remove  and  install  a  warm 
air  furnace  and  how  to  properly  connect  exhaust  outlets  to  flues  or  stacks.  After 
demonstrating,  have  the  class  do  Exercise  1  in  the  Workbook.    Directed  Study  assign- 
ments for  this  objective  will  be  given  at  the  end  of  day  13.    Check  for  completion 
of  exercises  at  the  start  of  days  14  and  15. 

Instructor  Reference  Materials: 

AFM  85-12,  Vol  I,  Operation  and  Maintenance  of  Central  Heating  Plants  and 

Distribution  Systems 
Domestic  and  Commercial  Oil  Burners  (Third  Edition)  by  McGraw-Hill 
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PLAN  OF  INSTRUCTION/LESSON  PLAN  PART  t 


COURSE  TITVre 

Heating  Systems  Specialist 


BLOCK  TITLE 

Controls,  Troubleshooting  and  Oil  Burners 


COURSE  CONTENT 


5.    Oil  Fired  Space  Heaters 


a.    Given  information,  determine  the  step-by-step  procedures  for 
removing,  installing  and  maintaining  oil  fired  space  heaters  by 
correctly  answering  803;  of  the  questions.       STS:    19f,  19q.*19h 
Meas:    PC    — ^   

(1)  Types  and  applications  of  oil  fired  space  heaters 

(2)  Construction  features  and  controls 

(3)  Procedures  for  removing  and  installing 

(4)  Procedures  for  operating  and  maintaining 

SUPPORT  MATERIAL  AND  GUIDANCE 

Student  Instructional  Materials 

SG  J3ABR545dZ  001-IIl-S,  Oil  laired  Space  Heaters 

WB  J3ABR54532  001-III-5,  Oil  Fired  Space  Heaters 

Audiovisual  Aids 

Transparencies,  Oil  Space  Heaters 

Training  Equipment 
Trainer.  Oil  Space  Heater 
Trainer,  Fuel  Oil  Control  Valve 

Training  Methods  ■ 
Lecture/Discussion  (2.5  hrs) 

Instructional  Guidance 

Discuss  the  different  types  of  oil  fired  space  heaters  and  their 
applications.    Explain  the  step-by-step  procedures  necessary  to 
remove,  install  and  maintain  an  oil  fired  space  heater.  Explain 
the  purpose  of  the  fuel  oil  control  valve  and  its  components. 

Instructor  Reference  Materials: 

AFM  85-12,  Vol  II,  Operation  and  Maintenance  of  Space  Heating 

Equipment  and  Systems,  and  Process  Heat  Utilization 
T.O.  40H30506021,  Harvest  Eagle  Kit 
ASHRAE  Guide  and  Data  Book,  Equipment  1972 
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PAGE  NO. 

41 


COURSE  CONTENT 


6.  Written  Test  and  Test  Critique  1,5 

(a)  Written  Test  (1.0) 

(b)  Test  Critique  (0.5) 

7.  MT:    (Physical  Conditioning)  (Day  15)  2 


PLAN  OF  INSTRUCTION/LESSON  PL  AM  PAPT  I 


cou  Rse  t:  .x  e 

 Heating  Systems  Specialist 


BLOCK  TITU6 

Solid,  Gas  Fuel  Burners,  and  Warm  Air  Distribution  Systems 


1. 


COURSE  CONTENT 


1.    Gas  Burners 


a.  Given  Information,  explain  the  characteristics  of  gas,  and 
theory  of  construction  and  operation  of  domestic.  Industrial  and 
blomass  gas  burners  by  correctly  answering  80%  of  questons. 

STS:    15a,  18a(l),  18a(2),  18a(3)        Meas:  PC 

(1)  Characteristics  of  gas 

(2)  Theory  of  construction,  operation  of  gas  burners, 
and  components 

b.  Given  tools  and  equipment,  perform  preoperational  checks, 
replace  and  maintain  gas  burners,  replace  appliance  pressure  regula- 
tors, detemlne  gas  pressure,  adjust  pressure  regulators  and  adjust 
fuel -air  ratio  for  proper  combustion  efficiency  with  Instructor 
assistance.     STS:    3e(2).  3e(4),  3e(7),  3e(10),  18b,  18c,  18d,  18e, 
18f ,  18a,  ISn.  20b.  20c        Meas:    PC        — 

(1)  Preoperational  checks 

(2)  Replacement  of  gas  burners 

(3)  Maintenance  of  gas  burners 

(4)  Replacement  of  appliance  pressure  regulators 

(5)  Measurement  of  gas  pressure 

(6)  Adjustment  of  pressure  regulators 

(7)  Adjustment  of  fuel-air  ratio  for  proper  combustion 
efficiency 


(8)  Safety 


SUPPORT  MATERIAL  AND  GUIDANCE 


Student  Instructi onal  Materl al s 

S6  J3ABR54532  001-IV-l,  Gas  Burners 

WB  J3ABR54532  001-IV-l,  Gas  Burners 
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COURSE  CONTENT 


Audiovisual  Aids 
Transparencies,  Gas  Burners 
Tape  Slide  Presentation 

Training  Equipment 

Trainer,  Gas  Fired  Warm  Air  Furnace 

Trainer,  Manometer 

Training  Methods 
Lecture/Discussion  (4  hrs) 
Demonstration  (1  hr) 
Performance  (4  hrs) 
Directed  Study  (4  hrs) 

Instructional  Guidance 

Have  all  trainers  and  equipment  available  and  emphasize  safety  when  working 
with  the  trainers.    Explain  the  characteristics  of  gas  and  the  theory  of 
construction  and  operation  of  domestic,  industrial  and  biomass  gas  burners. 
Explain  the  purpose  and  operation  of  automatic  gas  valves  and  gas  pressure 
regulators.    Demonstrate    the  procedures  to  follow  to  perform  preoperational 
checks,  how  to  measure  gas  pressure  using  the  manomBter  and  how  to  adjust, 
replace  and  maintain  regulators.    After  the  students  have  performed  all  of 
the  above,  have  them  perform  a  combustion  analysis  and  adjust  the  fuel -air 
ratio  to  assure  proper  combustion  efficiency.    Directed  Study  assignments  for 
this  objective  will  be  given  at  the  end  of  day  16.    Check  for  completion  of 
exercise  at  the  start  of  day  17. 

Instructor  Reference  Materials: 

AFM  85-12,  Vol  I,  Operation  and  Maintenance  of  Central  Heating  Plants  and 

Distribution  Systems 
Natural  Gas  Distribution,  a  Home  Study  Course  by  Southern  Gas  Association 
AFM  91-6,  Maintenance  and  Operation  of  Gas  Systems 
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PLAN  OF  INSTRUCTION/LESSON  PLAN  PART  I 


BLOCK  TITLE 


COU  RSE  Tl  TL  E 

Heating  Systems  Specialist 


Solid.  Gas  Fuel  Burners,  and  Warm  Air  Distribution  Systems 

J:  ,   COURSE  CONTENT 


2.    Gas  Space  Heaters 


a.    Given  Information,  equipment  and  tools,  remove.  Install  and 
maintain  a  gas  fired  space  heater,  with  Instructor  assistance. 
STS:    3e(4),  3e(7),  191,  19j,  191c        Meas:    PC  " 

(1)  Types  and  applications  of  gas  space  heaters 

(2)  Construction  features  and  controls 

(3)  Procedures  for  removing  and  Installing 

(4)  Procedures  for  operating  and  maintaining 

(5)  Safety 

SUPPORT  MATERIAL  AND  GUIDANCE 

Student  Instructional  Materials 

SG  J3ABK54b32:  OOl-lY-2,  Gas  Space  Heaters 

WB  J3ABR54532  OOl-IV-2,  Gas  Space  Heaters 

Audiovisual  Aids 

Transparencies,  Gas  Space  Heaters 

Training  Equipment 

Trainer,  Gas  Fired  Space  Heater 

Training  Methods 
Lecture/Di scusslon  (1  hr) 
Demonstration  (.5  hr) 
Perfonmance  (1.5  hrs) 
Directed  Study  (1  hr) 
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COURSE  CONTENT 


Instructional  Guidance 

Have  all  trainers  and  equipment  available  and  emphasize  safety  when  working 
with  the  trainers.    Explain  the  different  types  of  gas  space  heaters  and 
their  applications.    Talk  about  the  construction  features  and  controlSo 
Once  you  have  completed  this,  take  the  students  to  the  lab  and  demonstrate 
the  procedures  for  removing,  installing  and  maintaining  gas  space  heaters. 
Directed  Study  assignments  for  this  objective  will  be  given  at  the  end  of 
day  17.    Check  for  completion  of  exercise  at  the  start  of  day  18. 

Instructor  Reference  Materials: 

AFM  85-12,  Vol  II,  Operation  and  Maintenance  of  Space  Heating  Equipment  and 
Systems,  and  Process  Heat  Utilization 


POI  J3ABR54532  001 


49 


46 


PLAN  OF  INSTRUCTION/LESSON  PLAN  PAPT  i 


BLOCK  TITLE 


COURSE  TITLE     — — 

 Heating  Systems  Specialist 


Solid.  Gas  Fuel  Burners,  and  Warm  Air  Distrlbjt.on  Systems 


COURSE  CONTENT 


Z  TIME 


3.    Unit  Heaters 

a.    Given  Information,  equipment  and  tools,  remove,  Install  and 
maintain  unit  heaters  with  Instructor  assistance,      STS:  3e(4), 
3e(7),  19a,  19b,  19c        Meas:  PC   

(1)  Types  and  applications  of  unit  heaters 

(2)  Construction  features 

(3)  Procedures  for  removing  and  Installing  unit  heaters 

(4)  Procedures  for  operating  and  maintaining  unit  heaters 

(5)  Safety 


3/1 


SUPPORT  MATERIAL  AND  GUIDANCE 

-  -  ,  j^^^^r"-^!^  ^"^^  Materl  al  s 
3g  J3ABR54532  OUl-IV-3,  Unit  Heaters 
WB  J3ABR54532  OOl-IV-^3,  Unit  Heaters 

Audiovisual  Aids 
Transparencies,  Unit  Heaters 

Training  Equipment 

rralner.  Gas  Fired  Space  Heater 

Trainer,  Hot  Water  Unit  Heater 

Training  Methods 
Lecture/DI scusslon  (1  hr) 
Demonstration  (.5  hr) 
Performance  (1*5  hrs) 
Directed  Study  (1  hr) 


SUPERVISOR  APPROVAL  OF  LgSSQN  PLAN 


SIGNATURE  AND  DATE 


SIGNATURE  AND  DATE 


COURSE  CONTENT 


Instructional  Guidance 

Have  all  trainers  and  equipment  available  and  emphasize  safety  when  working  with 
the  trainers.    Using  transparencies,  talk  about  the  different  types  and  applications 
of  unit  heaters  and  their  construction  features.    Once  you  have  completed  this,  take 
the  students  to  the  lab  and  demonstrate  the  procedures  for  removing,  installing  and 
operating  a  gas  fired  unit  heater.    Directed  Study  assignments  for  this  objective 
will  be  given  at  the  end  of  day  18.    Check  for  completion  of  exercise  at  the  start 
of  day  19. 

Instructor  Reference  Materials: 

AFM  85-12,  Vol  II,  Operation  and  Maintenance  of  Space  Heating  Equipment  and 
Systems,  and  Process  Heat  Utilization 
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PLAN  OF  INSTRUCTION/LESSON  PLAN  PART  I 


COURSE  TlTUe 

Heating  Systems  Specialist 


Solid.  Gas  Fuel  Burners,  and  Warm  Air  Distribution  Systems 


COURSE  CONTENT 


Z  TIME 


4.    Forced  Warm  Air  Heating  Systems 

a.  Given  Information,  state  the  principles  relating  to  the  theory 
of  operation  and  construction  of  warm  air  heating  systems  by  correc*lv 
answering  80%  of  the  questions.        STS:    20a        Meas:    PC  ' 

(1)  The  purpose  of  a  v/arm  air  furnace 

(2)  Types  of  warm  air  furnaces 

(3)  ConstrL'ction  features  of  warm  air  furnaces 

(4)  Operation  of  warm  air  furnaces 

b.  Given  information,  explain  the  procedures  to  follow  to  inspect 
clean,  and  install  heating  outlets  to  system,  repair  or  replace  duct 
insulating  material,  how  to  inspect  and  adjust  distribution  dampers  and 
£v  ^^?i!!M5fef2C5^^  and  adjust  air  Registers 

?or®oJ^y->?"^*'®^J"9  10  oinror'i^rqgfesbons.  STS:  20d,  20g(l). 
20a(2l,  20£(31,  20fl(41,  20g(5),  20gt6).  20g(7),  20g(8)   HealFTc 

(1)  Inspection  and  cleaning  of  warm  air  ducts 

(2)  Repair  or  replacement  of  duct  insulating  material 

(3)  Inspection  and  adjustment  of  distribution  dampers 

(4)  Balancing  air  distribution  system 

(5)  Inspection  and  adjustment  of  war  air  registers 

c.  Given  information,  explain  the  procedures  to  follow  to  inspect 
remove,  clean  and  replace  heat  exchangers  and  how  to  maintain  humidi-  * 
20j'*^20k    20r^*^^''Meas-*'^Pc"^        °^        questions.       STS:    20h,  201, 

(1)  Inspection  of  heat  exchangers 

(2)  Removal  of  heat  exchangers 
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(1.0/ 
.75)1 
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COURSE  CONTENT 


(3)  Cleaning  of  heat  exchangers 

(4)  Replacement  of  heat  exchangers 

(5)  Maintenance  of  humidifiers 

d.  Given  information,  explain  the  purpose  of  air  filters  and  the  (,5/.25) 
types  of  air  filters  by  correctly  answering  80%  of  the  questions. 

STS:    20f(l),  20f(2)         Meas:  PC 

(1)  Purpose  of  air  filters 

(2)  Types  of  air  filters 

e.  Given  tools,  equipment  and  procedures,  perform  a  preoperational  (0.5/. 25) 
inspection  and  operate  a  wann  air  heating  system  and  inspect,  clean  and 

replace  warm  air  filters  with  instructor  assistance.       STS:  3e(2), 
20b,  20c,  20f(3),  20f(4),  20f(5)         Meas:  PC 

(1)  Inspection  of  air  filters 

(2)  Cleaning  of  air  filters 

(3)  Replacing  air  filters 

f.  Given  tools  and  equipment,  connect  warm  air  outlet  to  system  (1/0) 
with  Instructor  assistance.      STS:    19o(l) ,  19o(2)       Meas:  PC 

(1)  Installation  of  ducts 

(2)  Installation  of  pipes 

SUPPORT  MATERIAL  AND  GUIDANCE 
Student  Instructional  Materials 

SG  J3ABR54532  OOl-IV-4,  Forced  Warm  Air  Heating  Systems 

WB  J3ABR54532  OOl-IV-4,  Forced  Warm  Air  Heating  Systans 

Audiovisual  Aids 

Transparencies,  Forced  Warm  Air  Heating  Systems 

Training  Equipment 

Trainer,  Gas  Fired  Warm  Air  Furnace 

Trainer,  Oil  Fired  Warm  Air  Furnace 
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COURSE  CONTENT 


Training  Methods 
Lecture/Discussion  (4  hrs) 
Demonstration  .(l.B  hrl 
Herfortiiance  (*b  hr) 
Directed  Study  (2  hrs) 

Instructional  Guidance 

?hri-niini;^r"^n!/!!''/''"^'^®"*  available  and  emphasize  safety  when  working  with 
the  trainers.    Using  transparencies,  talk  about  the  theory  of  operation  and 
construction  of  warm  air  furnaces  and  systems.    Show  the  different  types  of  warm 
til  Irr;;''r'HJ''f  ^k'?';'''*""*^°"  ^^^^"'-^^         operation.    Exjtain  tS^purpSse  oT 
^intlZ  tl^  ''^'rj?"*^^".'?!*'^'        different  types  and  ho^  to  inspebt  and 
J^  Jht  Vi®"":    Ijl"^  about  the  distribution  dampers  and  their    purpose.  Explain 
^nH  5f Ji"""®!)*^        purpose  of  a  humidifier,  the  different  types,  their  advantages 
?5?i-ln!'*''''!S"i!^!^*  ^""^        to  maintain  them.    Show  the  different  types  of  ai? 

rV"f  their  purpose.    After  you  have  finished  talking  about  air  filters  take 
^5?4n^'*^;l'  *2  the  lab.  demonstrate  how  to  properly  inspelt,  clean  and  replace 
wii?  hf'  f ^"  have  than  do  the  same.    Directed  Study  assignments  for  this  objective 
of  LS%S^''^S  ^^^^"^        completion'of  exercise  at  the  s^ar^ 

1ns?%c?S;  assHtlnce!  ^"^P^^*        reconnect  heating  outlets  with 

Instructor  Reference  Materials: 

^"c        Operation  and  Maintenance  of  Control  Heating  Plants 
and  Distribution  Systems,  and  Operation  and  Maintenance  of  Space  Heatinq 
Equipment  and  Systems,  and  Process  Heat  Utilization 
Modern  Refrigeration  and  Air  Conditioning  Textbook 
ASHRE  Handbook,  1977.  Fundamentals 
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PLAN  OF  INSTRUCTION/LESSON  PLAN  PART  I 


COU  RSe  TITLe 

Heating  Systems  Speci al i st 


BLOCK  TITLE  '~  '  

Solid,  Gas  Fuel  Burners,  and  Warm  Air  Distribution  Systems 


1. 


COURSE  CONTENT 


5.    Solid  Fuel  Burners 


a.  Using  information  given,  explain  the  characteristics  of  coal  by 
correctly  answering  80%  of  the  questions.       STS:  Meas:  PC 

(1>    Coal  defined 

(2)    Characteristics  of  coal 

b.  Given  information,  explain  the  procedures  to  follow  to  maintain 
coal  storage  areas,  inspect  coal  shipments,  collect  and  prepare  coal 
samples  for  analysis  and  inspect  coal  handling  equipment  by  correctly 
answering  8(%  of  the  questions.       STS:    15c,  15d,  15e,  15f,  15q 

Meas:  PC          — ^ 

(1)  Maintenance  of  coal  storage  areas 

(2)  Inspection  of  coal  shipments 

(3)  Collection  and  preparation  of  coal  samples 

(4)  Inspection  of  coal  handling  equipment 

c.  Given  information,  explain  the  procedures  used  to  compute  fuel 
requirements  for  coal,  by  correctly  answering  70%  oC-lhe. questions. 
STS:    15b  Meas:    PC  4^ 'f 

d.  Using  information  given,  explain  the  basic  facts  pertaining  to 
the  theory  of  operation  and  construction  of  solid  fuel  burners  by 
correctly  answering  70%  of  the  questions.     STS:    16a(l),  16a(2K 
16a(3),  16a(4),  16a(5),  16a(6)  ,^16a(7)       Meas:    f^C^  ^^^^ 

(1)  Coal,  burning  equipment 

(2)  Theory  of  operation  and  construction  of  solid  fuel  burners 

e.  Using  information  given,  explain  the  procedures  used  to  remove 
and  install  solid  fuel  burners,  perform  preoperi Jonal  checks,  operate, 
adjust,  maintain  and  troubleshoot  solid  fuel  burners,  adjust  fuel-air 
ratio  and  record  fuel  consimmtion  Jnd  type  of  fuel,  by  correctly 
^gw'^^rir^                   q^eslffffltfgg  STS:   16b,  16c,  16d,  16e,  16f,  16g, 
16h,  161_,  16^        Meas:    PC            — ^ 
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COURSE  CONTENT 


(1)  Removal  and  installation  of  solid  fuel  burners 

(2)  Preoperational  checks 

(3)  Operation,  adjustment,  maintenance  and  troubleshooting  of  solid 
fuel  burners 

(4)  Adjustment  of  fuel -air  ratio 

(5)  Recording  of  fuel  consumption 

SUPPORT  MATERIAL  AND  GUIDANCE 

Student  Instructional  Materials 

SG  J3ABR54532  OOl-IV-5,  Solid  Fuel  Burners 

WB  J3ABR54532  OOl-IY-5,  Solid  Fuel  Burners 

Audiovisual  Aids 

Transparencies,  Solid  Fuel  Burners 

Training  Equipment 
Trainer,  Coal  Fired  Furnace 

Training  Methods 
Lecture/Discussion  (4.5  hrs) 

Instructional  Guidance 

Using  Information  extracted  from  AFM  85-12,  explain  to  the  students  the  different 
types  of  coal  and  their  characteristics.    Using  transparencies,  show  students  how 
coal  Is  stored,  how  it  is  shipped,  inspection  of  coal  shipments,  and  finally  how  to 
collect  and  prepare  a  coal  sample  for  analysis.    Show  the  students  the  different 
types  of  solid  fuel  burners,  their  construction  features  and  operation  and  how  to 
maintain  them.    After  you  have  finished  discussing  this,  have  the  students  complete 
the  exercise  In  the  workbook. 

Instructor  Reference  Materials: 

AFM  85-12,  Vol  I,  Operation  and  Maintenance  of  Central  Heating  Plants  and 
Distribution  Systems 

6.  Written  Test  and  Test  Critique  1.5 

(a)  Written  Test  (1.0) 

(b)  Test  Critique  (O.5) 

7.  MT:    Physical  Conditioning  (Day  20)  2 
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PLAN  OF  INSTRUCTION/LESSON  PLAN  PART  1 

OF  INSTRUCTOR 

1  couRse  TiTue 

1        Heating  Systems  Specialist 

BUOCK  TITUK 

Hot  Water  Heating  Systems  and 

Controls 

1. 

COURSE  CONTENT 

Z  TIME 

1.    Hot  Water  Heating  and  Controls 

a.  Using  information  given,  explain  the  principles  of  operation 
of  low/medium  temperature  hot  water  boilers  and  their  components,  by 
correctly  answering  80%  of  the  questions.       STS:    ISbU)  21a 
Meas:  PC   

(1)  Principles  of  operation  of  hot  water  boilers 

(2)  Types  of  low/medium  temperature  hot  water  boilers 

(3)  Hot  water  boiler  accessories 

b.  Given  procedures  and  trainer,  install,  operate  and  maintain 
a  centrifugal  pump  with  no  more  than  two  instructor  assists. 

STS:     13b(2).  13b(3).  13b(4l     Meas:  Pr 

(1)  Installation  procedures 

(2)  Procedures  for  operating 

(3)  Procedures  for  maintaining 

SUPPORT  MATERIAL  AND  GUICftNCE 

Student  Instructional  Materials 

d:JABRb4b32  001-V-l,  hot  water  Heating  and  Controls 
WB  J3ABR54532  001-V-l;  Hot  Water  Heating  and  Controls 

Audiovisual  Aids 

Transparencies,  Hot  Water  Heating  Systems 

6/2 

(3/2) 

(3/0) 
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COURSE  CONTENT 


Training  Equipment 

Trainer,  Hot  Water  Heating  Systan 

Training  Methods  3,5^ 
Lecture/Discussion  l^hrs) 
Directed  Study  (2  hrs) 

Instructional  Guidance 

Start  first  hour  of  day  by  taking  students  to  the  lab  and  showing  them  the  low 
tanperature  hot  water  system  and  explain  the  principles  of  operation.  Return 
to  the  classroom  and  continue  by  explaining  the  different  types  of  hot  water 
boilers.    Using  transparencies,  show  and  explain  the  purpose  and  operation  of 
the  pressure  relief  valve,  pressure  gauge,  temperature  gauge  and  aquastats. 
Explain  the  purpose  of  boiler  connections,  such  as  outlet  connection,  return 
connection,  control  valves,  blow-off  connections,  water  supply  connections  and 
chimney  and  breechings.    Show  to  the  students  how  water  is  fed  to  the  boiler 
through  the  pressure  reducing  valve  and  also  how  to  manually  feed  water  to  the 
boiler.    Explain  the  purpose  of  the  expansion  tank,  types  of  expansion  tanks, 
sizing  of  expansion  tanks,  location  of  expansion  tanks  and  components  on  the 
expansion  tanks.    Directed  Study  assignments  for  this  objective  will  be  given 
at  the  end  of  day  21.    Check  for  completion  at  the  start  of  day  22. 

Instructor  Reference  Materials: 

AFM  85-12,  Vols  I  and  II,  Operation  and  Maintenance  of  Control  Heating  Plants 
and  Distribution  Systems,  and  Operation  and  Maintenance  of  Space  Heating 
Equipment  and  Systems,  and  Process  Heat  Utilization 

Modern  Refrigeration  and  Air  Conditioning  Textbook 
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  PLAN  OF  INSTRUCTION/LESSON  PLAN  PARTI 

'                                                             1          Heating  Systems  Soecialist 

Hot  Water  Heating  Systems 

COURSE  CONTENT 

2.    Hot  Water  Distribution  Systems 

Z  TIME 

3/1 

a.    Using  information  given,  explain  the  types  of  hot  water  distri- 
bution systems  and  their  components  by  correctly  answering  80%  of  the 
questions.       STS:    21a        Meas:  PC 

(2.5/1) 

(1)    Types  of  hot  water  distribution  systems 

(2)    Components  of  hot  water  distribution  systems 

b.    Using  Information  given,  explain  the  procedures  to  follow  to 
install  a  secondary  hot  water  heating  system,  by  correctly  answering 
89*-«*=^  questions.       STS:    19r        Meas:  PC 

(.5/0) 

SUPPORT  MATERIAL  AND  GUIDANCE 

Student  Instructional  Materials 

bG  JJABRb4532  OOl-V-2,  Hot  Water  Distribution  System 
WB  J3ABR54532  OOl-V-2,  Hot  Water  Distribution  System 

Audiovisual  Aids 

Transparencies,  Hot  Water  Heating  Systems 

Training  Equipment 

Trainer,  Hot  Water  Heating  System 

Assorted  Hot  Water  Boiler  Accessories 

Traininq  Methods 

Lecture/Discussion  (3  hrs) 
Directed  Study  (1  hr) 

SUPERVISOR  APPROVAL  OF  LESSON  PLAM 


SIGNATURE  AND  DATE 


SIGNATURE  AND  DATE 
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PREVIOUS  EDITION  OBSOLETE 


59 


COURSE  CONTENT 


Instructional  Guidance 

Have  all  trainers  and  equipment  available.    Using  transparencies  show  to 
the  students  the  different  types  of  hot  water  systems  such  as  the  forced 
circulation  One-Pipe  System,  Two-Pipe  Directed  Return,  Two-Pipe  Reverse 
Return,  Series-Loop  System,  and  the  Combined  Systems.    Show  and  explain 
the  purpose  and  operation  of  the  Special  Flow  Fittings,  Air-Bleed  Valve, 
and  other  components  such  as  gate  valves,  globe  valves,  check  /alves, 
plug  cocks,  anchors,  hangers,  supports,  expansion  joints,  and  strainers. 
Explain  how  flow  adjustment  and  balancing  are  obtained  by  using  pipe 
size  orifices  and  throttle  valves.    Explain  how  tanperature  is  controlled 
by  zoning  such  as  Single-Zone  and  Multiple-Zone  installations.  Finish 
lesson  by  explaining  the  different  methods  used  to  transfer  the  generated 
heat  such  as  radiators,  convectors,  panel  heating  and  unit  heaters. 

Instructor  Reference  Materials: 

AFM  85-12,  Vols  I  and  II,  Operation  and  Maintenance  of  Control  Heating  Plants 
and  Distribution  Systems,  and  Operation  and  Maintenance  of  Space  Heating 
Equipment  and  Systems,  and  Process  Heat  Utilization 
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PLAN  OF  INSTRUCnON/LESSON  PLAN  PART  I 


COURSE  TITLC 

 Heating  Systems  Specialist 


BLOCK  TITLE 

Hot  Water  Heating  Systems 


1. 


COURSE  CONTENT 


Z  TIME 


3.    Troubleshooting  Hot  Water  Systems 

a.  Using  information  given,  explain  the  proper  procedures  to 
follow  in  troubleshooting  a  hot  water  heating  system  by  correctly 
answering  80%  of  the  questions.       STS:    21k(3)       Meas:  PC 

(1)  Procedures  used  to  troubleshoot  fireside 

(2)  Procedures  used  to  troubleshoot  waterside 

(3)  Procedures  used  to  troubleshoot  systen 

b.  Using  information  given,  explain  how  to  inspect  and  replace 
aquastats,  maintenance  of  pressure  regulators,  procedures  used  to 
inpsect  and  maintain  special  flow  fittings,  installation  of  air- 
bleed  valves  and  pressure  regulators,  procedures  used  to  balance 
system  and  inspecting  boilers  for  leaks,  corrosion  and  scale  by 
correctly  answering  80%  of  the  questions.       STS:    21j,  21k(lK 
21k(2),  21k(4),  21k(5),  21k(6),  21k(7),  21k(8).  ZlkWl  11^^) 

rl6d  S  I  PC 

(1)  Procedures  used  to  inspect  and  replace  aquastats 

(2)  Pressure  regulator  maintenance  procedures 

(3)  Inspection  and  maintenance  procedures  for  special 
flew  fittings 

(4)  Installation  procedures  for  air-bleed  valves  and 
pressure  regulators 

(5)  Procedures  used  to  balance  system 

(6)  Inspecting  boilers  for  leaks,  corrosion  and  scale 

SUPPORT  MATERIAL  AND  GUIDANCE 
Student  Instructional  Materials 

SCi  d3ABR54532  OUl-V-3,  Troubleshooting  Hot  Water  Systems 
WB  J3ABR54532  OOl-V-3,  Troubleshooting  Hot  Water  Systems 


1/1 
(.5/. 5) 


(.5/. 5) 
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COURSE  CONTENT 


Audiovisual  Aids 

Transparencies,  Hot  .<iter  Heating  Systems 

Training  Equipment 

Trainer,  Hot  Water  Heating  System 

Training  Methods 
Lecture/Discussion  (1  hr) 
Directed  Study  (1  hr) 

Instructional  Guidance 

Have  an  trainers  and  equipment  available  and  emphasize  safety  when  working 
with  the  trainers.    Start  lesson  by  explaining  to  the  students  what  is  meant 
Dy  fireside,  waterside,  and  systems,  then  explain  the  procedures  used  to  trouble- 
shoot  each.    Continue  lesson  by  explaining  how  to  inspect  and  replace  aquastats 
pressure  regulators,  special  flow  fittings.    Finish  lesson  by  explaining  how  to' 
install  air-bleed  valves  and  pressure  regulators  and  finally  the  procedures  used 
to  balance  system  and  inspect  boiler  for  leaks,  corrosion  and  scale. 

Instructor  Reference  Materials: 

AFM  85-12,  Vols  I  and  II,  Operation  and  Maintenance  of  Control  Heating  Plants 
and  Distribution  Systems,  and  Operation  and  Maintenance  of  Space  Heating 
Equipment  and  Systems,  and  Process  Heat  Utilization 

Modern  Refrigeration  and  Air  Conditioning  Textbook 


POI  J3ABR54532~001  


62 


ERIC 


PLAN  OF  INSTRUCTION/LESSON  PI       PART  1 

N  AM  &  O  F  1 N  ST  RU  CTO  R 

COU  RSE  Tl  TL  E 

Heating  Systems  Specialist 

BLOCK  TITLE   ' — — 

Hot  Water  Heating  Systems 

1. 

COURSE  CONTENT 

\7.  TIME 

4,    OperatloiLand  Maintenance  of  Hot  Water  Systems 

3-    Uoirtg  ■4(ir(>fw<H^wrL-ijivGn,  remove  a  boiler  from  service,  drain, 
flush  and  fill  boiler  \n>h  instcuctor  jc:»3<  eCuiice,       STS:  l^Tp?) 
nh(1)  ■■iaipf0^21b,  21c,  21d,  21e.  21f.  21a,  21h,  7li           M^aq-  "or 

U;    Procedures  for  removing  a  boiler  from  service  ^sS'-^sT^ 

(2)  Procedures  for  draining  boiler 

(3)  Procedures  for  flushing  boiler 

(4)  Procedures  for  filling  boiler 

(5)  Procedures  for  charging  expansion  tank 

(6)  Preoperational  i nspection  procedures 

(7)  Procedures  to  properly  fire  boiler 

Using  information  given,  inspect  boiler  for  leaks,  inspect 
and  replace  aquastats  and  maintain  pressure  reaulators  with  instructor 
assistance.       STS:    3e(2),  3e(9),  21k(2),  21k(5).  21k(6), 
21k(7)          Meas:    PC     ^   ^ 

(1)  Procedures  used  to  inspect  boiler  for  leaks 

(2)  Aquastat  inspection  procedures 

(3)  Replacement  procedures  for  aquastat 

(4)  Procedures  used  to  maintain  pressure  regulators 

c.    Using  information  given,  inspect  for  corrosion  and  scale  and 
uiuuuicdiiuuu  noL  water  neauing  sysuon  wiun  instructor  assistance. 
STS:    3e(2),  3e(10) ,  21k(3),  21k(10)         Meas:  PC 

(1)  Procedures  used  in  inspecting  for  corrosion  and  scale 

(2)  Troubleshooting  procedures 

6/1 
(3/1) 

(2/0) 
(1/0) 
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COURSE  CONTENT 


SUPPORT  MATERIAL  AND  GUIDANCE 
Student  Instructional  Materials 

SG  J3ABR54532  OOl-V-4,  Operation  and  Maintenance  of  Hot  Water  Systems 
WB  J3ABR54532  OOl-V-4,  Operation  and  Maintenance  of  Hot  Water  Systems 

Audiovisual  Aids 

Transparencies,  Hot  Water  Heating  Systans 

Training  Equipment 

Trainer,  Hot  Water  Heating  System 

Training  Methods 
Lecture/Discussion  (2  hrs) 
Demonstration  (.5  hrs) 
Performance  (3.5  hrs) 
Directed  Study  (1  hrs) 

Instructional  Guidance 

Have  all  equipment  and  tools  available  and  emphasize  safety  when  working  with  the 
^^u'*!  overview  of  all  material  covered  pertaining  to 

,  4.^__  _^  L..,.  _      ....  ints,  procedures  used  1 

ig  boiler,  charging  expan- 


hydromcs  such  as  operation  of  boilers  and  their  components,  procedures  used  to 
remove  a  boiler  from  service,  draining,  flushing,  filling  boiler,  charging  expan- 
sion tank,  performance  of  a  preoperational  inspection,  firing  boiler,  inspecting 
and  replacing  aquastats,  maintenance  of  pressure  regulators,  special  flow  fittings, 
air-bleed  valves,  inspecting  for  leaks,  corrosion  and  scale,  balancing  system  and 
finally  how  to  troublshoot  system.    After  you  have  completed  this,  take  the  students 


■        .     •         -  any  other  possible 

problems.    Have  them  drain  and  flush  the  expansion  tank,  remove  and  clean  gauge 
glass  on  tank,  open  all.  valves  throughout  system  and  flush  entire  system  with 
fresh  water  until  water  is  clear.    Once  system  has  been  thoroughly  cleaned  out, 
put  boiler  and  system  back  together.    Check  all  valves,  including  pressure  relief 
and  flow  control  valves,  for  leaks  or  other  possible  defects.    Once  this  has  been 
completed  put  boiler  and  its  components  br^.k  together  and  fill  boiler  and  system. 
Be  sure  to  have  students  properly  charge  expansion  tank  before  filling.    Perform  a 
preoperational  inspection.    If  everything  is  OK,  have  students  fire  up  boiler. 
During  fire-up  have  students  troubleshoot  boiler  and  system  to  assure  trouble  free 
operation. 

Instructor  Reference  Materials: 

AFM  85-12,  Vols  I  and  II,  Operation  and  Maintenance  of  Control  Heating  Plants 
and  Distribution  Systems,  and  Operation  and  Maintenance  of  Space  Heating 
Equipment  and  Systems,  and  Process  Heat  Utilization 
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1  kMULo^^Hi^fkut^^  PLAN  OF  INSTRUCTION/LESSON  PLAN  PART  1  

r.««au^  INSTRUCTOR                                                                         |     COU  RSE  Tl  TL  E  

1      Heating  Systems  Specialist 

Hot  Water  Heating  Systems 

^*                                                                    COURSE  CONTENT 

5.    Soldering  and  Welding 

a.  Given  Information,  explain  basic  facts  about  the  types  and  sizes 
of  copper  tubing  and  fittings  by  correctly  answering  80%  of  the  ques- 
tions.        STS:    lOc(l),  10c(2)          Meas:  PC 

(1)  Copper  tubing 

(2)  Fittings 

b.  Given  hand  tools,  copper  tubing  kit,  copper  tubing  and  instruc- 
tions, measure,  cut,  bend,  swage,  and  flare  the  copper  tubing  with 

a  maximum  of  two  instructor  assists.       STS:    10c(3),  10c(4).  10c(5). 
10c(6),  10c(7)         Meas:  PC 

(1)  Measuring  procedures 

(2)  Cutting  procedures 

(3)  Bending  procedures 

(4)  Swaging  procedures 

(5)  Flaring  procedures 

c.  Given  hand  tools,  sandpaper,  steel  wool,  hydrocarbon  torch  and 
assortment  of  fittings,  use  proper  techniques  to  soft  solder  two  copper 
tubing  joints  with  a  maximum  of  two  instructor  assists.     STS:  10c(8). 
11a        Meas:  PC 

(1)  Fabricating  copper  tubing  system 

(2)  Proper  techniques  for  soft  soldering 

d.  Given  information,  identify  the  theory  of  oxyacetylene  welding 
and  related  equipment  by  answering  80%  of  the  questions.     STS:  lib 
Meas :  PC   

(1)  Oxyacetylene  combustion 

(2)  Types  of  flames 

Z  TIME 

12.5^ 
(1/1) 

(3.0/ 
.5) 

(2/. 5) 

(1.0/ 
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(3)  Oxyacetylene  equipment 

(4)  Safety  precautions  when  using  oxyacetylene  equipment 

(5)  Types  of  solder 

e.  Given  hand  tools,  copper  tubing,  oxyacetylene  equipment,  sil-  (2.0/. 5) 
phos  and  flux,  use  proper  techniques  to  hard  solder  two  copper  tubing 

joints  with  a  maximum  of  two  Instructor  assists.  STS:  llc(l) 
Meas:  PC   

(1)  Procedures  for  hard  soldering 

(2)  Safety  precautions  when  using  oxyacetylene  equipment 

f.  Given  hand  tools,  metal,  oxyacetylene  equipment,  and  sand-  (3.5) 
paper,  use  proper  techniques  to  weld  two  pieces  of  metal  together 

with  at  least  80%  weld  penetration  with  a  maximum  of  two  Instructor 
assists,        STS:    llc(2)       Meas:  PC 

(1)  Procedures  for  welding 

(2)  Safety  precautions 

SUPPORT  MATERIAL  AND  GUIDANCE 

Student  Instructional  Materials 

SG  J3ABR54b32  OOl-V-S.  Soldering  and  Welding 

WB  J3ABR54532  OOl-Y-5,  Soldering  and  Welding 

Audiovisual  Aids 
Transparencies 

Training  Equipment 

Hand  tools 

Sandpaper 

Steel  wool 

Copper  tubing  kit 

Copper  tubing 

Hydrocarbon  torch  kit 

Assortment  of  fittings 

Oxyacetylene  equipment 

Silphos 

Flux 
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COURSE  CONTENT 


Training  Methods 
Lecture/Discussion  (3.0  hrs) 
Demonstration  (1.0  hr) 
Performance  (8.5  hrs) 
Directed  Study  (3  hrs) 

Instructional  Guidance 

Day  23  -  Discuss  types  and  sizes  of  copper  tubing  and  fittings.  Explain 
measuring  and  cutting  procedures  for  copper  tubing. 

Day  24  -  Check  directed  Study  Assignment.    Discuss  bending,  swaging  and 
flaring  procedures.    Demonstrate  measuring,  cutting,  bending,  swaging  and 
flaring  procedures.    Observe  students  as  th«»y  perform  measuring,  cutting, 
bending,  swaging  and  flaring  procedures  on  copper  tubing.    Discuss  and 
demonstrate  soft  soldering  procedures.    Have  students  perform  soft  soldering 
procedures  on  copper  tubing  joints  that  they  prepared.    Explain  and  discuss 
theory  of  oj^acetylene  welding.    Discuss  hard  soldering  procedures  and 
demonstrate.    Have  students  perform  hard  soldering  procedures  on  copper 
tubing  joints  they  prepared.    Emphasize  proper  safety  precautions  when 
using  oxyacetylene  equipment,    r-iscuss  and  demonstrate  oxyacetylene  welding 
procedures.    Observe  students  as  th^  perform  ojQ^acetyl ene  welding.    Day  25 
will  be  a  continuance  of  this  performance. 

Instructor  Reference  Materials: 

Textbook,  Modern  Refrigeratior  and  Air  Conditioning 
TO  34W-4-1-5,  Welding  Theory  and  Application 
Textbook,  Modern  Welding 

6.  Written  Test  and  Test  Critique  1.5 

a.  Written  Test  (1.0) 

b.  Test  Critique  (0.5) 

7,  MT:    Physical  Conditioning  (Day  25)  2 


ERIC 
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PLAN  OF  INSTRUCTION/LESSON  PLAN  PART  J 


COU  R TI  n.  E 

Heating  Systems  Specialist 


BLOCK  TITLE 

Central  Plant  and  High  Temperature  Water  Heating  Systems 
T 


COURSE  CONTENT 


Z  TIME 


1.    Theory  of  Operation  and  Construction  of  Steam  Heating  Systems 

a.  Given  information,  identify  principles  concerning  theory  of 
operation  and  construction  features  of  steam  heating  systems,  with  70% 
accuracy,       STS:    24a        Meas:  PC 

(1)  Central  heating  plants 

(2)  Fundamentals  of  steam  generation 

(3)  Boiler  construction  features 

(4)  Types  of  boilers 

(5)  ASME  Code  for  external  fittings 

b.  Given  information,  identify  the  procedures  for  removing  and 
u.4i.„.    .^^..^..^   3^3.  ^.^^ 


12/4 
(6/1) 


installing  boilers,  wtth  70%  gcewe^ 


(.5/0) 


(2)  ASME 

c.  Given  information,  identify  basic  facts  about  components  of 
feedwater  system,  with  70%  accuracy.       STS:    24q,  13a(l) 

Meas:    PC  -  —  ^— ^ 

(1)  Theory  and  construction  of  steam  turbines 

(2)  Theory  and  construction  of  reciprocating  pumps 

(3)  Theory  and  construction  of  feedwater  systems 

d.  Given  information,  determine  procedures  for  installation, 
operation  and  maintenance  of  reciprocating  pumps,  with  80%  accuracy. 
STS:    13a(2),  13a(3),  13a(4)       Meas:  PC 

(1)  Installation  of  reciprocating  pumps 

(2)  Operation  of  reciprocating  pumps 

(3)  Servicing  of  reciprocating  pumps 


(.5/1) 


(0/.5) 
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PREVIOUS  EanoN  obsolete 


COURSE  CONTENT 


e.    Given  information,  determine  step-by-step  procedures  for  (l/*5) 
operating  and  servicing  pressure/temperature  recording  equipment,  with 
-JPl  accuracy,       STS:    14a,  14b,  14c       Meas:  PC 

(1)  Pressure  controls 

(2)  Air  flow  switch 

(3)  Draft  controls 

(4)  Operation  of  pressure/temperature  recording  equipment 

(5)  Servicing  of  pressure/temperature  recording  equipment 

fo    Given  information,  operate  and  service  draft  indicating  and  (0,5) 
regulating  equipment,  with  instructor  assistance,      STS:    14c,  14e 
Meas:  PC     

g*    Given  information,  perform  service  of  flow  meters  and  recorders,  (0,5) 
with  instructor  assistance.       STS:    14g       Meas:  PC 

h.    Given  information,  troubleshoot  boiler  flame  control  system,  (3.0/1) 
with  instructor  assistance.       STS;^  9a(9)       Meas:  PC 

SUPPORT  MATERIAL  AND  GUIDANCE 
Student  Instructional  Material s 

SG  J3ABR5453Z  OOl-VI-1,  Theory  of  Operation  and  Construction  of  Steam 
Heating  Systems 

WB  J3ABR54532  001-VNl,  Theory  of  Operation  and  Construction  of  Steam 
Heating  Systems 

Audiovisual  Aids 

Transparencies,  Central  Heating  Plants 
Training  Equipment 

Trainer,  High  Pressure  and  Low  Pressure  Boiler  and  Systems 

Trainer,  Steam  and  Water  Cycle 

Trainer,  Feedwater  System 

Trainer,  Reciprocating  Pump 

Trainer,  Steam  Flow,  Air  Flow  Recorder 

Trainer,  Pressure  Control 

Trains,  Programmer  Tester 

Training  Methods 
Lecture/Di  scussion  (9  hrs) 
Performance  (3  hrs) 
Directed  Study  (4  hrs) 
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COURSE  CONTENT 


Instructional  Guidance 

Discuss  the  types  of  Central  Plants  and  the  fundamentals  of  steam  generation.  Using 
transparencies,  discuss  boiler  construction  features,  types  of  boilers  and  ASME  code 
pertaining  to  external  boiler  fittings.    Give  students  directed  study  assignment  and 
boiler  construction  features,  steam  turbines  and  reciprocating  pumps.  Exercises  1  4 
and  5  of  workbook,  at  the  end  of  day  26.    Give  students  quiz  at  beginning  of  day  27 
on  directed  study  assignment.    Discuss  procedures  for  removing  and  installing 
boilers.    Take  students  to  heating  lab,  using  high  pressure  boiler,  have  students 
complete  Exercises  2  and  3  in  workbook.    Return  students  to  classroom  after 
completion.    Using  transparencies  and  cut-aways,  discuss  the  theory  and  construction 
of  the  feedwater  system.    Discuss  the  procedures  for  operating  and  servicing  of 
pressure/temperature  recording  equipment.    Using  transparencies  discuss  operation 
and  servicing  of  draft  indicating  and  regulating  equipment.    Discuss  Flow  Meters  and 
Recorders.    Discuss  boiler  Flame  Control  System.    Take  students  to  heat  lab  and  have 
students  complete  exercises  8  and  9  in  workbook.    Have  students  return  to  classroom 
and  compelte  exercise  10  in  workbook.    Give  students  directed  study  assignment  on 
Installation,  Maintenance  and  Operation  of  Reciprocating  Pumps,  Exercise  6,  on 
Pressure/Temperature  Recording  Equipment,  Exercise  7,  and  boiler  Flame  Control 
System,  Exercise  11  at  the  end  of  day  27.    Give  quiz  over  directed  study  at 
beginning  of  day  28. 

Instructor  Reference  Materials: 

AFM  85-12,  Vol  I,  Operation  and  Maintenance  of  Central  Heating  Plants 
NTTC  Course  135,  Energy  Conservation  Through  Utilities  Operation 
NAVFAC  Tech  Tng  Center,  Navy  Public  Works  Center,  Norfolk  VA  23511 
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PLAN  OF  INSTRUCTION/LESSON  PLAN  PART  I 

I COURSE  TITUe 
Heating  Systems  Specialist 


auocK  TiTue  "   

Central  Plant  and  High  Temperature  Water  Heating  Systems 

1  '  — 


COURSE  CONTENT 


2.    Boiler  Operations 

a.  Given  Information,  operate  a  steam  boiler,  with  Instructor 
assistance.        STS:    3e(3),  3e(8),  24b,  24e(l),  24e(2).  24e(3), 
24e(4),  24e(5),  24e( 6 )7T2r¥{ 717244(87  Meikl  "W-^  ^^^^^ 

(1)  Safety  for  hi^h  intensity  sound 

(2)  Steam  safety 

(3)  Preoperational  inspection 

(4)  Operation  of  draft  control 

(5)  Operation  of  air  flow  switch 

(6)  Firing  procedures 

(7)  Proper  water  level 

(8)  Blow  off  procedures 

(9)  Operation  of  pressure  control 

(10)  Emergency  procedures 

(11)  Shut  down  procedures 

b.  Given  Information,  determine  step-by-step  procedures  for 
operating  and  maintaining  oil  preheaters,  with  70%  aeeuraevt  £>v  ^rr^cfl 
STS:    24e(10),  24e(ll)     Meas:    PC  - ^^^yjO^^-i^^  </.o*xt     S  ^Lj^/o^ 

(1)  Operating  procedures 

(2)  Maintaining  procedures 

c.  Given  simulated  job  type  entries,  complete  steam  logs  and  fuel 
consumption  report,  with  Instructor  assistance.       STS:    l^b.  24e(9) 
Meas:  PC     


10/4 
(9/3) 


SUPERVISOR  APPROVAL  OF  LgSSON  PLAN 


(0/1) 


(1/0) 


SlCNATURe  AND  OATB 


SICWATURK  AND  DATE 


COURSE  CONTENT 


(1)  AF  Form  1458 

(2)  AF  Form  1464 


SUPPORT  MATERIAL  AND  GUIDANCE 

Student  Instructional  Materials 

SG  J3ABR5453Z  OOl-VI-2,  Boiler  Operati ons 

WB  J3ABR54532  OOl-VI-2,  Boiler  Operations 

Audiovisual  Aids 

Transparencies,  Central  Heating  Plants,  Logs 
Training  Equipment 

Trainer,  High  Pressure  and  Low  Pressure  Boilers 

Training  Methods 
Lecture/Discussion  (1  hr) 
Demonstration  (.5  hr) 
Performance  (8.5  hrs) 
Directed  Study  (4  hrs) 

Instructional  Guidance 

Discuss  procedures  for  operating  steam  boiler  to  include  the  following  items: 
Safety  for  high  intensity  sound,  safety  around  steam,  preoperational  inspection 
and  operation  of  draft  control  and  air  flow  switch.    Discuss  firing  procedures 
and  maintaining  proper  water  level.    Discuss  how  to  check  operation  of  pressure 
controlTDi scuss  emergency  procedures  for  common  boiler  emergencies.  Discuss 
boiler  shutdown  procedures.    Take  students  to  heating  lab  and  demonstrate  how 
to  operate  steam  boiler.    Have  students  operate  stem  boiler  using  procedures 
in  Exercise  2  in  workbook.    Have  students  maintain  proper  water  level  using 
Exercise  1  in  workbook.    Have  students  check  operation  of  pressure  contro'  using 
low  pressure  boiler.    At  end  of  Day  28  assign  directed  study  assignment  using 
Exercise  3  in  workbook.    Check  directed  study  assignment  at  beginning  of  Day  29. 
Finish  operating  steam  boiler  (Day  29),  return  students  to  classroom  and  hand 
out  daily  and  monthly  steam  Operating  Logs.    Have  students  complete  logs.  Give 
Directed  Study  assignment  for  Day  29,  Exercise  4  and  5  of  workbook. 

Instructor  Reference  Materials: 

AFM  85-12,  Vol  I,  Operation  and  Maintenance  of  Central  Heating  Plants 
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PLAN  OF  INSTRUCTION/LESSON  PLAN  PART  I 


COURSE  TITLE 

Heating  Systems  Specialist 


BLOCK  TITLE 

Central  Plant  and  High  Temperature  Water  Heating  Systems 


COURSE  CONTENT 


3.    High  Temperature  Water  Heating  Systens 

a.  Given  information,  identify  the  methods  of  producing  high 
jtemperature  water,  with  70%  accuracy.         STS:    23a,  23b,  23c,  23d 

(1)  Theory  of  operation 

(2)  Methods  of  producing  HTVI 

(3)  HTW  plant  auxiliary  equipment 

(4)  Safety  principles 

b.  Following  step-by-step  procedures,  operate  and  maintain  the  high 
temperature  hot  water  heating  system  trainer  and  distribution  system, 
with  instructor  assistance.         STS:    23efl).  23ef2^    23er3^  ??pM^ 


(1) 

Val ve  al ignment 

(2) 

Required  water  flow 

(3) 

Safety  control s 

(4) 

Starting  procedures 

(5) 

Operational  checks 

(6) 

Distribution  system 

(7) 

Air  bleeding  procedures 

(8) 

valves 

Procedures  for  adjusting  control  devices  and 

regulating 

(9) 

Operation  of  secondary  systems 

(10) 

Operating  logs 

c.    Using  infonnation  maintain  a  pumping  system,  with 
assistance.       STS:    23g>  23h       Meas:  PC 

instructor 

Z  TIME 


6.5/0 
(2/0) 


(3,5/0) 


(•5/0) 


SUPERVISOR  APPROVAL  OF  LESSON  PLAN 


SIGNATURE  AND  DATE 
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73 


COURSE  CONTENT 


(1)  Pressuri zation  system 

(2)  Pumping  system 

d.    Given  information  list  the  procedures  for  performing  hydrostatic  (.5/0) 
test  on  generator  and  expansion  drum,  with  70%  accuracy.      STS:    23j ,  23k 
Meas:  PC     

(1)  Types  of  inspections 

(2)  Hydrostatic  test  procedures 


SUPPORT  MATERIAL  AND  GUIDANCE 
Student  Instructional  Material s 

SG  J3ABR54532  OOl-VI-3,  High  Temperature  Water  Heating  Systems 
WB  J3ABR54532  OOl-VI-3,  High  Temperature  Water  Heating  Systems 

Audiovisual  Aids 
Transparencies,  HTW  Systems 

Training  Equipment 

Trainer,  High  Temperature  Hot  Water 

Training  Methods 
Lecture/Discussion  (3  hrs) 
Demunstration  (.5  hr) 
Performance  (3.0  hrs) 

Instructional  Guidance 

Discuss  types  of  HTW  generators  major  components,  methods  of  pressurization, 
types  of  auxiliary  equipment  and  types  of  pumping  systems.    Instructor  start 
up  HTW  system  and  shut  down.    Class  then  start  up  HTW  system  and  secure  it, 
with  instructor  assistance,  following  workbook  exercise. 

Instructor  Reference  Materials: 

AFR  88-28,  High  Temperature  Water  Heating  Systens 


4.  Written  Test  and  Test  Critique  1.5  hrs 

(a)  Written  Test  (1.0  hr) 

(b)  Test  Critique  (.5  hr) 

5.  MT:    Physical  Conditioning  (Day  30)  2 


POI  J3ABR54532  001   '  74 

o  74 

EKLC 


PLAN  OF  INSTRUCTION/LESSON  PLAN  PACT  I 

COURSE  TITUe 


Heating  Systems  Specialist 


BLOCK  TITUe   

Boiler  Maintenance  and  Steam  Distribution  Systems 

-L  COURSE  CONTENT 

1.    External  Boiler  Maintenance 

a.  Given  proper  procedures  and  with  team  member,  replace  and  test 
safety  valve,  with  Instructor  assistance.     STS:    3e(10),  24c(l).  24c(2) 
Meas:    PC     ^ — -  -- 

(1)  Procedures  for  replacing  safety  valve 

(2)  Procedures  for  testing  safety  valve 

(3)  Safety  precautions  when  using  air  pressure 

b.  Given  instructions  and  with  team  member,  replace  gaqe.  with 
instructor  assistance.    STS:    14f      Meas:  PC 

c.  Following  given  procedures  and  with  team  member,  clean  water 
column  and  gage  glass,  with  Instructor  assistance.       STS-  24c(3) 
Meas:    PC  * 

(1)  Procedures  for  cleaning  water  column 

(2)  Procedures  for  cleaning  gage  glass 

d.  Using  Information,  answer  questions  about  inspection  and  replace- 
ment of  soft  plugs  to  80%  accuracy.      STS:    24c(4),  24c(5)     Meas:  PC 

(1)  Procedures  for  inspection  of  soft  plug 

(2)  Procedures  for  replacement  of  soft  plug 

e.  Given  procedures  check  and  clean  boiler  fireside  with 
Instructor  assistance.       STS:    24d(6),  24d(7)       Meas:  PC 

(1)  Procedures  for  checking  fireside 

(2)  Procedures  for  cleaning  fireside 

f.  Given  procedures  and  working  with  team  member,  repair  and 
Jj|Plfce^ refractory,  with  Instructor  assistance.       STS:  I9q 


2.  TIME 

8/2 
(1.5/0) 


(1/0) 
(1.5/0) 


(.5/. 5) 


(1.5/0) 


2/1.5) 


(1)    Types  of  refractory  material 
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COURSE  CONTENT 


(2)  Minor  refractory  repair 

(3)  Procedures  for  replacing  refractory  material 

SUPPORT  MATERIAL  AND  GUIDANCE 
Student  Instructional  Materials 

SG  J3ABR54532  001-VII-l,  External  Boiler  Maintenance 
WB  J3ABR54532  001-VII-l,  External  Boiler  Maintenance 

Audiovisual  Aids 

Transparencies,  Fireside  Maintenance 
7862A  Fireside  Movie 
78628  Fireside  Movie 

Training  Equipment 

Trainer,  High  Pressure  Boiler,  Firebox  Boiler,  Low  Pressure  Boiler  (if  needed) 
Trainer,  Water  Column  and  Sight  Glass 

Training  Methods 
Lecture/Di scussion  (1  hr) 
Demonstration  (.25  hr) 
Performance  (6.75  hrs) 
Directed  Study  (2.0  hrs) 

Instructional  Guidance 

Discuss  the  procedures  for  replacing  safety  valve,  discuss  procedures  for  testing 
safety  valves.    Discuss  how  to  clean  gage  glass  and  water  column.    Ask  questions 
about  inspection  and  replacement  of  soft  plug.    Discuss  procedures  for  checking 
fireside  and  cleaning  fireside.    Discuss  types  of  refractory  material,  minor  refrac- 
tory repair  and  the  procedures  for  replacing  refractory  material.    Show  movies  on 
fireside  replacement.    Give  directed  study  assignment.  Exercises  4  and  6.  Check 
students'  Directed  Study  assignment  at  beginning  of  day  32.    Take  students  to 
heating  lab,  making  sure  that  safety  is  emphasized  and  that  students  have  removed 
jewelry.    Take  students  to  safety  valve  trainer,  have  them  replace  safety  valve  and 
test  replacement  safety  valve.    Take  students  to  high  pressure  boiler,  have  students 
remove,  clean  and  reinstall  gage  glass.    Have  students  tear  down  water  column  and 
clean,  replacing  any  defective  or  worn  parts,  reassemble  water  column.  Take 
students  to  backside  of  high  pressure  boiler,  remove  back  and  check  fireside  for 
cleanliness,  then  have  students  clean  fireside  or  high  pressure  boilers.  Take 
students  to  firebox  boilers  behind  heating  lab  building  and  have  students  remove 
refractory  material  from  firebox  boilers,  then  reinstall  refractory  material.  Have 
students  clean  up  area  around  firebox  boilers  and  around  high  pressure  boiler.  Have 
students  return  to  classroom  in  an  orderly  manner.    Low  pressure  boiler  may  be  used 
for  accomplishment  of  criterions  if  high  pressure  bo"  >r  is  not  available. 

Instructor  Reference  Materials: 
AFM  85-12,  Vol  I 
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PLAN  OF  INSTRUCTION/LESSOH  PLAN  PART  I 


BLOCK  •nn.£ 


COURSE  TlTUe  ^^^^^^ 

Heating  Systems  Specialist 


Boiler  Maintenance  and  Steam  Distribution  Systems 


COURSE  CONTENT 


2.  TIME 


2.    Internal  Boiler  Maintenance 

a.    Given  proper  procedures  and  with  team  member,  maintain  boiler 
water  side  components,  with  instructor  assistance.       STS:  24c(6), 
24d(l),  24d(3),  24d(4),  24d(5),  24d(8),  24d(9),  24d(10)  Measl — P"C 


gaskets 


(1)  Procedures  for  preparing  ijoiler  for  inspection 

(2)  Safety  precautions 

(3)  Procedures  for  draining  boiler 

(4)  Procedures  for  cleaning  tubes 

(5)  Procedures  for  washing  down  boiler  interior 

(6)  Inspection  of  water  side 

(7)  Procedures  for  replacing  manhole  and  handhole  covered 

(8)  Procedures  to  fill  boiler 

(9)  Inspf^ctlon  for  leaks 

b.  Given  information  and  with  team  member,  inspect  for  Internal 
corrosion,  with  instructor  assistance.    STS:    24d(2)       Meas:  PC 

(1)  Types  of  corrosion 

(2)  Inspection  procedures 

c.  Following  step-by-step  procedures  and  with  team  member,  perform 
a  hydrostatic  test,  with  instructor  assistance.       STS:  24d(ll) 

Meas:  PC   

(1)  Types  of  hydrostatic  tests 

(2)  Protection  of  pressure  controls 

(3)  Procedures  for  securing  safety  valve 


7/2.5 

(4.75 
1.0) 


(.25/ 
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(1/1) 
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COURSE  CONTENT 


(4)  Closing  of  val  ves 

(5)  Filling  procedures 

(6)  Procedures  for  performing  hydrostatic  test 

d.    Given  information  and  with  team  member  and  following  step-by-step  (1/0) 
procedures,  make  minor  tube  repair,  with  instructor  assistance. 
STS:    24d(12)         Meas:  PC 

(1)  Types  of  minor  tube  repair 

(2)  Plugging  a  boiler  tube 


SUPPORT  MATERIAL  AND  GUIDANCE 
Student  Instructional  Materials 

SG  J3ABR54532  OOl-VII-2,  Internal  Boiler  Maintenance 
WB  J3ABR54532  001-VII^2,  Internal  Boiler  Maintenance 

Audiovisual  Aids 

Transparencies 

Film 

Training  Equipment 

Trainer,  High  Pressure  Boiler 

Trainer,  Low  Pressure  Boiler  (if  needed) 

Trainer,  Firebox  Boiler 

Training  Methods 
Lecture/Di scussion  (1.5  hrs) 
Demonstration  (.5  hr) 
Performance  (5  hrs) 
Directed  Study  (2.5  hrs) 
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COURSE  CONTENT 


Instructional  Guidance 

Using  study  guide  and  transparencies,  discuss  procedures  for  shutting  down  boiler 
in  service.    Discuss  procedures  for  internal  maintenance  on  boilers  to  include 
safety  precautions,  draining  boiler,  cleaning  boiler  tubes,  washing  down  interior 
of  boiler,  inspection  of  waterside,  procedures  for  replacing  handhole  and  manhole 
cover  gaskets,  procedures  to  fill  boiler  and  check  for  leaks.    Discuss  what  to 
look  for  while  performing  inspection  for  internal  corrosion.    Discuss  procedures 
for  performing  hydrostatic  test  on  boilers,  also  to  include  the  types  of  hydro- 
static tests.    Using  transparencies,  discuss  minor  tube  repair  and  how  to  plug  a 
tube.    Take  students  to  heating  lab,  have  students  work  in  teams.    Make  sure 
students  remove  all  jewelry.    Have  students  drain  high  pressure  boiler  (use  low 
pressure  boiler  if  necessary),  remove  handholes,  wash  down  interior  of  boiler. 
Have  students  clean  handholes,  plugs  and  inspect  for  internal  corrosion.  Have 
students  replace  handholes,  then  fill  boiler  with  water.    Have  students  prepare 
boiler  for  hydrostatic  test,  then  perform  hydrostatic  test,  checking  for  leaks. 
After  hydrostatic  test,  return  boiler  water  level  to  proper  limits.    Have  students 
clean  up  area  around  high  pressure  boiler.    Take  students  out  to  firebox  boilers 
and  working  as  team  members,  have  students  plug  a  fire  tube  in  firebox  boiler. 
Have  students  clean  up  area  around  firebox  boilers.    Direct  students  back  to 
classroom  in  an  orderly  manner. 

Instructor  Reference  Materials: 

AFM  85-12,  Vol  I,  Operation  and  Maintenance  of  Central  Heating  Plants  and 

Distribution  Systems 
AFM  85-12,  Vol  II,  Operation  and  Maintenance  of  Space  Heating  Equipment  and 

Systems,  and  Process  Heat  Utilization 


POI  J3ABR54532  001 


73 


79 


NAMEOF  INiTRui'rOR 


PLAN  OF  INSTRUCTION/LESSON  PLAN  PART  \ 


BLOCK  TITLE 


cou  RSE  n  TL  e 

Heating  Systems  Special i st 


Boiler  Maintenance  and  Steam  Distribution  Sy stems 


COURSE  CONTENT 


2.  TIME 


3.    Boiler  Lay  Up 

a.  Given  information  answer  questions  about  boiler  lay  up  with 
80%  accuracy.      SIS:    24d(13)(a),  24d(l3)(b)    Meas:  PC 

(1)  Wet  method 

(2)  Dry  method 


.5/. 5 


SUPPORT  MATERIAL  AND  GUIDANCE 

Student  Instructional  Materials 

SG  J3ABR54532  OOl-VII-3,  Boiler  Lay  Up 

WB  J3ABR54532  OOl-VII-3,  Boiler  Lay  Up 

Audiovisual  Aids 
Transparencies  on  Boiler  Lay  Up 

Training  Equipment 
Silica  Gel 

Training  Methods 
Lecture/Discussion  (.5  hr) 
Directed  Study  (.5  hr) 

Instructional  Guidance 

Using  transparencies,  discuss  the  procedures  forlaying  up  boiler 
using  the  wet  method  and  procedures  for  the  dry  method.    Have  students 
complete  workbook  exercises  in  class.     Instructor  will  check  workbook. 

Instructor  Reference  Material: 

AFM  85-12,  Vol  I,  Operation  and  Maintenance  of  Central  Heating  Plan+s 
and  Dtstribution  Systans 
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PLAN  OF  INSTRUCTION/LESSON  PLAN  PART  I 

I    COURSE  TITLE 


Heating  Systems  Specialist 


Boiler  Maintenance  and  Steam  Distribution  Systems 


COURSE  CONTENT 


2.  TIME 


4.    Steam  Distribution  Systems 

a.  Given  Information  and  with  team  member  maintain  steam  pressure 
using  steam  distribution  system,  with  Instructor  assistance. 

SIS:    24f(l),  24f(2).  24f(3).  24f(9)        Meas:  PC 

(1)  Lining  up  steam  system 

(2)  Lining  up  pressure  reducing  station 

(3)  Temperature  regulating  valve 

(4)  Expansion  joints 

b.  Given  Information  answer  questions  about  distribution 
system  and  conduits,  getting  80%  of  questions  correct. 

STS:    23f(5),  23f(6),  23f(7).  24f(10),  24f(13)       Meas:  PC 

(1)  Types  of  steam  line  conduits 

(2)  Inspection  of  steam  line  conduits 

(3)  Inspection  of  manholes 

c.  Given  Information  answer  .^estlons  about  Installation 
c?S  ""^H^J?,"??"  of  converters,  getting  80%  of  questions  correct. 
STS:    24f(ll),  24f(12)         Meas:  PC 

(1)  Procedures  for  Installation  of  converters 

(2)  Procedures  for  maintenance  of  converters 

d.  Given  procedures  and  with  team  member,  perform  maintenance  on 
step  distribution  system,  with  Instructor  assistance.  STS:  24f(4) 
24f(5l,  24fiil.  24f(7),  24f(8)       Meas:  PC 


(1)  Inspection  of  traps 

(2)  Procedures  to  repair  traps 

(3)  Procedures  to  replace  traps 
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COURSE  CONTENT 


(4)  Procedures  for  cleaning  strainers 

(5)  Procedures  for  replacing  strainers 

(6)  Condensate  return  system 

e.    Given  procedures  and  with  team  member,  replace  insulation  (3. 5/. 5) 

on  steam  distribution  system,  with  instructor  assistance, 
SIS:    24f(14)(a),  24f(14)(b),  24f(14)(c)  Meas:  PC 

(1)  Types  of  insulation 

(2)  Procedures  for  mixing  insulation 

(3)  Procedures  for  applying  insulation 

(4)  Procedures  for  applying  pre-formed  insulation 


SUPPORT  MATERIAL  AND  GUIDANCE 
Student  Instructional  Materials 

SG  d3ABR54532  OOl-VII-4,  Steam  Distribution  SystOTS 
WB  d3ABR54532  OOl-VII-4,  Steam  Distribution  Systems 

Audiovisual  Aids 

Transparencies,  Steam  Distribution  Systans 

Training  Equipment 

Steam  Distribution  Systems 

Training  Methods 
Lecture/Discussion  (3.5  hrs) 
Performance  (9.5  hrs) 
Directed  Study  (3  hrs) 
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Instructional  Guidance 

Using  transparencies,  discuss  line  up  of  steam  distribution  system    to  inci.iHa 
R?!^'f  comprising  of  the  parts  to  a  pressure  vSdu^i^ J  smfon 

Discuss  the  function  and  maintenance  of  a  temperature  regulating  valve  liVclVl' 
%12  ?[n!'P'"'H^^:  maintenance  proc'edures.    ?heck  workbook  ;xe?ci-se  on 

steam  line  conduits  according  to  lesson  plan.    Check  workbook  exercise  on 

Tr7clTres  ors;e!:'d?stl.- ^.1  "^^'"^  transpare:?ies?1is2u%'s '^'in°t"enance 

1  distribution  system  to  include  inspection  of  traps,  reoai  r  of 

H^f?'*  ^xPl^csment  of  traps,  cleaning  strainers,  replacing  strainers  Discuss 
different  types  of  condensate  return  systems.    DiscSss  types  of  insulation 

ror^poll^na'^ore&'^'^^rir'  'or  ap  l"  J^'?n%2[airon?a  d°  procedures 

sS  r  -"-s^:^^  -tin.  lab  in  an  W 

as  a  ?wi  m^n^P^^°P^^°^^'*^*^°"•    ^^""^  steam  systen  and  have  studlnts?  working 

remove  alTCxfsiTnJ  Insura^on'"  nllnT^ '  remove  traps  and  strainers  frV^y'sJeS, 
defertivp  nf^tc  1  i  °  •  ^''^Ps  ^"^  strainers  and  repair  or  replace  am 

defective  parts.    If  needed,  replace  either  part  completely  out.    Reinstall  tran<: 

chLlTrlnVVV'^''^'  °"  s^s*^'  '•^^P^"  stIaJ  sysiem,  have  siu5en?l 

rM^L^nt^^K        ^^"^  """J  P'i^P^'*  Operation.    Have  students  prepare  fo^i  n  I  ul  at  ion 
criterion  by  mixing  powdered  Insulation  and  wheat  paste  mixture     Shoi  st^lnt^  hnu. 
to  apply  powdered  insulation  and  cheesecloth.    Sho£  studenST^  to  ^plJ^re^orS^ 
iinn     I??;  ^^^d^ts  apply  powdered  insulation,  then  app??  p?e!fSmed  ?J?uU 

VtJL    Af*^':.s!"^de"ts  have  completed  criterion,  have  studentrcl*^an  ar^Hround 

arou':d':o"kben^'J°a^ira%Te'°.'"''"'H"  T^'"^'    ^^'^  stud'ents'alsoillaHp 

arouna  workbench  area  after  trap  and  strainer  criterion  is  comoleted  Hawa 

return  to  class  in  an  orderly  manner  and  get  ready  to  JakI  b^S^k  ^|si.  ^^"dents 

Instructor  Reference  Materials* 
AFM  85-12.  Vols  I  and  II 


5. 


6. 


Written  Test  and  Test  Critique 

(a)  Written  Test 

(b)  Test  Critique 

MT:    Physical  Conditioning  (Day  35) 


1.5 
(1.0) 
(0.5) 
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PLAN  OF  INSTRUCTION/LESSON  PLAN  PART  I 

COURSE  TITLB 


Heating  Systems  Specialist 


BLO  CK  TITUE 

Boiler  Water  Treatment  and  External  Corrosion 

-L   COURSE  CONTENT 

1.    Sources  of  Water 

a.    Given  Information,  explain  basic  facts  about  sources  of  water 
and  their  characteristics  with  80%  accuracy.       STS:    25a  25b 
Meas:    PC  ^         oio.    £ja,  c^u 

(1)  Sources  of  water 

(2)  Characteristics  of  water 

(3)  pH  of  water 

(4)  Major  contributors  to  corrosion 

SUPPORT  MATERIAL  AND  GUIDANCE 

Student  Instructional  Materials 
Sli  J3ABft5453i>  001-VIII-l.  Sources  of  Water 
WB  J3ABR54532  001-VIII-l,  Sources  of  Water 

Audiovisual  Aids 

Transparencies,  Water:    Sources,  Characteristics,  and  Effects  on  Heati 
Equipment 

Training  Methods 
Lecture7uiscuss1on  (2.5  hrs) 
Demonstration  (.5  hr) 

Instructional  Guidance 

using  Terms  and  Definitions  Glossary  In  Student  Study  Guide,  discuss 
the  terms  as  they  apply  to  water  treatment.    Emphasize  the  relationship 
for  those  terms  that  relate.    Using  transparencies,  discuss  surface  and 
ground  water  characteristics  and  what  Impurities  they  each  contain. 
^ullll  5?S  °?^!^*^^®^  ^^^^^  treatment.    Using  raw  sample,  a 

•^^1  ^^n^^*^^^*7"^  paper,  and  pH  meter,  a  20-ml  bottle  of  caustic  soda, 
and  a  20-ml  bottle  of  HCL-3N  (diluted  acid),  discuss  the  pH  scale  and 
effective  pH  range  for  effective  boiler  water  treatment.    Discuss  the 
major  contributors  to  corrosion  and  their  effects. 
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COURSE  CONTENT 


Instructor  Reference  Materials: 

AFM  85-12,  Vol  I,  Operation  and  Maintenance  of  Central  Heating  Plants 

and  Distribution  Systems 
AFM  85-13,  Industrial  Water  Treatment 
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PLAN  OF  INSTRUCTION/LESSON  PLAN  PART  i 


SLOCK  TITLB  "  

Boiler  Water  Treatment  and  External  Corrosion 


COU  RSe  Tl  TL  E 

Heating  Systems  Special  1 st 


COURSE  CONTENT 


^  TIME 


2.    External  Treatment 

a.  Given  Information,  determine  step -by-step  procedures  for 
Installation,  operation,  and  servicing  ot  external  water  treatment 
equipment,  with  80%  accuracy.       STS:    25p,  25s,  25t,  25u 

Meas:    PC  —       

(1)  Demi nerali zing  equipment 

(2)  Degasification  equipment 

(3)  Direct  acid  treatment 

b.  Given  information  and  equipment,  service  and  operate  demineral- 
izing  equipment ,  with  Instructor  assistance.       STS:    25q,  25r 

Meas:    PC  — ^   

(1)  Operating  demineral izing  equipment 

(2)  Servicing  demineral izing  equipment 

c.  Using  the  soap  solution  and  EDTA  water  testing  equipment,  test 
a  given  water  sample  for  hardness,  with  Instructor  assistance. 

STS:    25e        Meas:  PC 

(1)  Soap  solution  test 

(2)  EDTA  solution  test 

SUPPORT  MATERIAL  AND  GUIDANCE 

Student  Instructional  Materials 

btt  d;jABRb4S32  001 -VII I -2,  External  Treatment 

WB  J3ABR54532  OOl-VIII-2,  Extennal  Treatment 

Audiovisual  Aids 

Transparencies,  External  Boiler  Water  Treatment 

Training  Equipment 
Trainer,  water  Softener 

Soap  Solution  and  EDTA  Water  Testing  Equipment 
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Training  Methods 
Lecture/Discussion  (2.5  hrs) 
Demonstration  (1.5  hrs) 
Performance  (3  hrs) 
Directed  Study  (2  hrs) 

Instructional  Guidance 

Using  transparencies  as  needed,  discuss  the  different  means  of  removing 
suspended  and  dissolved  impurities.    Discuss  the  different  types  of  degasifi- 
cation  equipment  and  their  uses.    Discuss  the  different  water  hardness  tests, 
then  demonstrate  procedures.    Demonstrate  a  complete  cycle  of  the  water 
softener  trainer  with  students.    Then  have  students  operate  and  inspect  the 
softener  for  proper  operation  by  performing  a  water  hardness  test. 

Instructor  Reference  Materials: 

AFM  85-12,  Vol  I,  Operation  and  Maintenance  of  Central  Heating  Plants 

and  Distribution  Systems 
AFM  85-13,  Industrial  Water  Treatment 
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PLAN  OF  INSTRUCTION/LESSON  PLAN  PART  I 


BLOCK  TITLE   

Boiler  Water  Treatment  and  External  Corrosion 


COURSE  TITLB 

Heating  Systems  Specialist 


COURSE  CONTENT 


2.  TIME 


3.    Internal  Treatment 

a.  Given  Information,  Identify  principles  relating  to  internal 
boiler  water  treatment,  with  80%  accuracy.     STS:    25£      Meas:  PC 

(1)  Objectives  of  Internal  boiler  water  treatment 

(2)  Factors  affecting  Internal  boiler  water  treatment 

(3)  Types  of  Internal  boiler  water  treatment  chemicals 

b.  Given  information,  select,  care  and  use  precision  measuring 
Instruments,  with  Instructor  assistance.       STS:    7q.  7h.  71 

Meas:    PC  —  — 

(1)  pH  meter 

(2)  Electrical  conductivity  meter 

c.  Following  step-by-step  procedures,  draw  water  sample  and  deter- 
mine chemical  concentrations  in  a  steam  boiler,  with  Instructor 

|ifllir||£(5) .  ISk- .'ealf^C  ^* 

(1)  Procedures  for  drawing  water  samples 

(2)  Inspection  of  chemir^l  reagents  and  text  equipment 

(3)  Causticity  test 

(4)  Tannin  test 

(5)  Phosphate  test 

(6)  Sodium  sulfite  test 

(7)  Total  dissolved  solids  test 

(8)  pH  test 
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return 


Given  information,  explain  basic  facts  pertaining  to  condensate 
treatment,  with  80%  accuracy.       SIS:    25h       Meas:  PC 


(1/0) 


(1)    Types  of  return  line  corrosion 


(2)    Causes  of  return  line  corrosion 


water. 


Given  step-by-step  procedures,  test  and  treat  condensate  return 
with  instructor  assistance.       STS:    25i ,  25j       Meas:  PC 


(Kl) 


(1)    Testing  condensate  water 


(1)    Treating  condensate  water 


SUPPORT  MATERIAL  AND  GUIDANCE 


Student  Instructional  Materials 

SG  J3ABR54532  OOl-VIII-3,  Internal  Treatment 

WB  J3ABR54532  OOl-VIII-3,  Internal  Treatment 

Audiovisual  Aids 

Transparencies,  Internal  Boiler  Water  Treatment 

Training  Equipment 

Boiler  Water  Testing  Equipment 

High  Pressure  Sample  Bottle  and  Container 

High  Pressure  Steam  Boiler 

Lab,  Boiler  Water  Treatment 

Training  Methods 
Lecture/Discussion  (3*25  hrs) 
Demonstration  (.5  hr) 
Performance    kj.25  hrs) 
Directed  Study  (4  hrs) 
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Instructional  Guidance 

Using  transparencies,  discuss  objectives  of  internal  boiler  water  treatment, 
factors  affecting  internal  boiler  water  treatment,  and  types  of  internal 
boiler  water  treatment  chemicals,  and  the  reason  that  each  chemical  is  used 
and  the  concentration  level  for  each  chemical.    Discuss  the  selection,  care, 
and  use  of  precision  measuring  instruments.    Discuss  sampling  procedures, 
procedure  for  maintaining  chemical  reagents,  test  equipment.    Emphasize  safety 
while  performing  all  tests.    Direct  students  to  boiler  area  with  their  sample 
bottle  to  draw  a  boiler  water  sample  following  instructions  previously  learned. 
Return  to  lab  area;  have  students  don  rubber  apron  and  prepare  test  equipment 
for  testing  boiler  water.    Instruct  students  to  follow  step-by-step  procedures 
as  outlined  in  AFM  85-12,  Vol  I.    Instruct  students  to  perform  the  tests  in 
an  orderly  fashion.    Observe  students  at  all  times,  answer  questions,  give 
explanations,  and  assist  students  as  necessary;  inform  students  of  key  steps 
or  particulars  to  look  for,  such  as  color  changes,  formation  of  floe,  exact 
measurements  and  cleanliness.    After  all  tests  are  completed,  have  students 
clean  all  testing  equipment  with  lab  soap  and  water  and  put  all  testing  equip- 
ment back  in  the  proper  places.    Have  students  clean  and  wax  lab  table.  Have 
students  put  away  high  pressure  sample  bottles  and  return  to  seats.  Using 
transparencies,  discuss  condensate  return  water  treatment,  the  causes,  testing 
of  condensate  return  water,  and  the  treatment  of  condensate  return  water. 

Instructor  Reference  Materials: 

AFM  85-12,  Vol  I,  Operation  and  Maintenance  of  Central  Heating  Plants 

and  Distribution  Systems 
AFM  85-13,  Industrial  Water  Treatment 
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PLAN  OF  INSTRUCTION/!. ESSON  PLAN  PART  I 


COURSE  TITLE 

Heating  Systems  Specialist 


eUOCK  TITLE 

Boiler  Water  Treatment  and  External  Corrosion 
T 


COURSE  CONTENT 


Z  TIME 


4.    Logs  and  Chemical  Feeding 

a.  Following  step-by-step  procedures,  maintain  water  treatment 
log,  with  80%  accuracy.       SIS:    _25v       Meas:  PC 

(1)  Purpose  of  logs 

(2)  Annotation  of  logs 

b.  Given  information  and  equipment,  prepare  boiler  wate<"  sample 
for  shipment,  with  Instructor  assistance.      STS:    25w       Meas:  PC 

(1)  Boiler  classification 

(2)  Types  of  containers 

(3)  Preparation  of  sample 

c.  Given  information  and  chemical  formulas,  compute  chemical 
requirements,  with  Instructor  assistance.      STS:    25k       Meas:  PC 

(1)  Formula  for  sodium  sulfite 

(2)  Formula  for  caustic  soda 

(3)  Formula  for  phosphate 

(4)  Formula  for  tannin 

(5)  Formula  for  amines 

d.  Given  information,  determine  step-by-step  procedures  for 
installation  and  servicing  of  chemical  feeding  equipment,  with  80% 
accuracy.     STS:    25m.  25n     Meas:  PC 

(1)  Types  of  chemical  feeders 

(2)  Installation  of  chemical  feeding  equipment 
(3>    Servicing  chemical  feeding  equipment 
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e.  Using  step-by-step  procedu.es.  service  chemical  storage  area,  (1.0) 
with  instructor  assistance.       STS:    23o      Meas:  PC 

(1)  Safety 

(2)  Location 

(3)  Methods 

f.  Using  step-by-step  procedures,  perform  chemical  feeding,  with  (1/.5) 
Instructor  assistance.       STS:    3e(2) ,  251       Meas:  PC 

(1)  Protective  equipment 

(2)  Mixing  chemicals 

(3)  Chemical  feeding  procedures 


SUPPORT  MATERIAL  AND  GUIDANCE 
Student  Instructional  Materials 

sti  J3ABR54532  OOl-VIIl-4,  Logs  and  Che«n1cal  Feeding 
WB  J3ABR54532  OOl-VIII-4,  Logs  and  Chemical  Feeding 

Audiovisual  Aids 

transparencl es , ~V/ater  Treatment  Logs  and  Chemical  Feeding 
AF  Form  1459,  Monthly  Water  Treatment  Log 

Training  Methods 
Lecture/Ul scusslon  (2  hrs) 
Demonstration  (.5  hr) 
Performance  (2.5  hrs) 
Directed  Study  (2  hrs) 
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Instructional  Guidance 

Give  students  AF  Form  1459;  discuss  instructions  on  reverse  side,  and  have  each 
student  annotate  this  log  using  results  of  previous  boiler  water  analysis. 
Discuss  the  procedures  for  submitting  a  boiler  water  sample  for  high  and/or  low 
pressure  boilers.    Discuss  chemical  dosage  requirements  for  boilers  under 
different  conditions,     ("nitial  dosage,  when  blow-dowi.s  are  required,  make  up 
rates  and  their  effect,  leaks,  and  normal  daily  usage.)    Using  information  on 
computing  chemical  dosaye  required  to  treat  boilers,  determine  chemicals  required 
to  treat  the  boiler  from  which  samples  were  taken.    Discuss  types  of  chemical 
feeders,  installation  and  servicing  of  chemical  feeders.    Discuss  chemical 
storage  area  and  feeding  chemicals.    Take  students  out  to  boiler  area  and  have 
students  check  chanical  storage  area,  don  protective  equipment,  and  feed 
chemicals  to  boiler. 

Instructor  Reference  Materials: 

AFM  85-12,  Vol  I,  Operation  and  Maintenance  of  Central  Heating  Plants 

and  Distribution  Systems 
AFM  85-13,  Industrial  Water  Treatment 
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kAMkof^.NiTRUCTO^  -j    COURSE  TITLE  

j       Heating  Systems  Specialist  I 

BLOCK  TITI-e  — ^— 

Boiler  Water  Treatment  and  External  Corrosion 

COURSE  CONTENT 

5.    External  Corrosion 

a.  Given  information.  Identify  basic  facts  abojt  external 
corrosion,  with  70%  accuracy.       STS:    26a{l).  26a{2){a).  26a{2){b). 

(1)  Causes  of  corrosion 

(2)  Methods  of  controlling  corrosion 

(a)  Claddings  and  coatings 

(b)  Sacrificial  anodes 

(c)  Impressed  current 

b.  Given  information,  make  visual  inspection  and  identify  external 
corrosion,  with  Instructor  assistance.       STS:    26b         Meas:  PC 

SUPPORT  MATERIAL  ANO  GUIDANCE 

Student  Instructional  Materials 

TdAlikb^ba^  OOl-VlII-5,  External  Corrosion 
WB  J3ABR54532  001-YII!-5,  External  Corrosion 

Audiovisual  Aids 

Transparencies,  External  Corrosion  Control 

Training  Film:    TF28031,  Soil  Corrosion  of  Pipelines    Part  I 

Fundamentals  * 
Training  Film:    TF28032,  Soil  Corrosion  of  Pipelines.  Part  II 

Protective  Coatings 
Training  Film:    TF28033,  Soil  Corrosion  of  Pipelines,  Part  III 

Cathodic  Protection  with  Galvanic  Anodes 
Training  Film:    TF28034,  Soil  Corrosion  of  Pipelines,  Part  IV 

Cathodic  Protection  With  Impressed  Current 

Training  Methods 
Lecture/Discussion  (2  hrs) 
Performance  (1  hr) 

Z    TIME  1 
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COURSE  CONTEi>IT 


Instructional  Guidance 

Using  transparencies,  discuss  the  effects  of  external  corrosion  on  heating  systems 
and  bnng  out  the  causes  of  external  corrosion  and  the  proper  method  of  treating 
external  corrosion.    Show  the  training  film  on  cathodic  protection  and  point  out  the 
highlights  for  the  students  to  look  for  while  watching  the  film.    Stress  personnel 
and  equipment  safety  at  all  times.  pciauimci 

Instructor  Reference  Materials: 

AFR  85-5,  Maintenance  and  Operation  of  Cathodic  Protection  Systems 
AFM  85-12,  Vol  I,  Operation  and  Maintenance  of  Central  Heating  Plants  and 
Distribution  Systems 
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PLAN  OF  INSTRUCTION/LESSON  PLAN  PAPT  I 

COURSE  TITUe 


Heating  Systems  Specialist 


BLOCK  TITLE 

Boiler  Water  Treatment  and  External  Corrosion 


1. 


COURSE  CONTENT 


6.  OPSEC 


...c,.^;...^!^®"  security  pamphlet  on  operational  activities  related  to 
AFSC  545X2,  select  the  activities  related  to  vulnerabilities  for  AFSC 
?45X2,  with  70%  QccurH3tc>.  .     STS:    2  Meas:  PC 

I  (1)    OPSEC  In  squadron  conttngen^  operations  " 

(2)    AFSC  545X2  related  OPSEC  vulnerabilities 

SUPPORT  MATERIAL  AND  GUIDANCE 

Student  Instructional  Materials 
SM  J3ABR54532  Q01-VIII>6,  OPSEC 

fralnlng  Methods 
performance  ( .5  hr) 

Instructional  Guidance 

uive  students  operations  security  handout  and  have  them  comolfete 
handout. 


Z  TIME 
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PLAN  OF  INSTRUCTION/LESSON  PLAnTIrtT 


BUOCK  TITUE 

Solar 


COURSE  TITCe 

Heating  Systems  Specialist 


I. 


COURSE  CONTENT 


Z  TIME 


1.    Theory  of  Operation  and  Construction 


6/2 


a.    Given  Information,  identify  basic  facts  on  theory  of  operation 
and  construction  features  of  solar  heating,  with  70%  accuracy. 
STS:    22a        Meas:  PC 


(1 
(2 
(3 
(4 
(5 
(6 
(7 
(8 
(9 
(10 
(11 
(12 
(13 
(14 
(15 
(16 
(17 


History 

Solar  principles 
Heat  flow 

Heat  loss  from  buildings 

Insulation 

Collector  types 

Collector  hook-up 

Solar  sitting 

Solar  shading 

Types  of  racks 

Collector  attachment 

Storage  tanks 

Heat  exchangers 

Transfer  fluids 

Pressure  hardware 

Solar  controls 

Types  of  solar  systems 
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PREVIOUS  EDITION  OBSOLETE 


COURSE  CONTENT 


SUPPORT  MATERIAL  AND  GUIDANCE 
Student  Instructional  Materials 

WB  J3ABR54532  OOl-IX-l,  Theory  and  Construction  Features 

HUD  Publication,  Installation  Guidelines  for  Solar  DHW  Systems 

Audiovisual  Aids 

Transparenci es.  Solar  Heatinn  Systems  Theory  and  Construction  Features 

Training  Methods 
Lecture/Discussion  (5  hrs) 
Demonstration  (1  hr) 

Instructional  Guidance 

Using  transparencies,  discuss  the  history  of  solar  heating.    Discuss  solar 
principles,  heat  flow  and  heat  loss  from  a  building.    Discuss  insulation, 
collector  types  (including  construction  features).    Discuss  collector  hook- 
up, solar  sitting  and  shading.    Discuss  types  of  racks  and  collector  attach- 
ment.   Discuss  types  of  storage  tanks  and  heat  exchangerSc    Discuss  transfer 
fluids  and  their  characteristics.    Discuss  pressure  hardware.    Discuss  solar 
controls  and  the  types  of  solar  systems. 

Instructor  Reference  Materials: 

The  Solar  Homebook 

Florida  Solar  Energy  Center 

C.    Written  Test  and  Test  Critique  1,5  hrs 

(a)  Written  Test  (1.0  hr) 

(b)  Test  Critique  (.5  hr) 

9.    Course  Critique  and  Graduation  1,0  hrs 

10.    MT:    Predeparture  Safety  Briefing  and  End  of  Course  Appointments  4/0  hrs 
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Technical  Training 


Heating  Systems  Specialist 


FUNDAMENTALS   AND  PIPE  FITTING 
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STANDARD  COVCRSHEET 


This  study  guide  was  designed  to  guido  you  through  your 
study  assignments  in  the  most  logical   sequence  foi*  easy  under^ 
standing.     The  supplementary  information  section  contains 
additional  material   required  to  keep  you  up-to-date  in  this 
subject-     Answer  the  self -evaluation  questions  so  you  will  better 
understand  and  retain  the  material  you  have  studied . 
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EXPIANATION  OF  TERMS 

» 

ACETONE — A  volatile   fragrant   flammable   liquid  used  to  absorb  acetylene. 
ACETYLENE--A  gas  used  in  welding  and  soldering. 
ACUUIRE--T0  get  something. 

ANNEAIVaNNEALED/ ANNEALING — A  process   used  to  soften  metal. 

APPRENTICE--^  person   learning  a  trade  by  helping  a  skilled  worker. 

ASSIGNMENT (S)--A  given  location. 

AUTHORIZED — Officially  allowed. 

BACKFLOW — Term  used  to  denote  reverse  flow. 

BINDXNG--A  valve  stem  stuck  open  or  closed. 

BLUEPRINT(S) — A  copy  of  the  plans   for  a   building  machine,    piping  system,  etc, 
BRAZIER--Pan  used   to  hold  hot  coals. 

BRAZING — To  solder  with  a  nonferrous   alloy  tliat  melts  at  a   lower   temperature   than  that 
of  the  metal    being    joineti . 

CAPILLARY  ATTRACTION — Heat  which  causes  solder  to   flow  into  a  joint. 

CARBURIZING — A  flame  used   in  brazing  which  contains  excess  carbon. 

CHAMFERING — The  act  or^making  a  beveled  edge. 

CIVIL  ENGINEER — CE  commander. 

CIVIL  ENGINEERING — Uhe   squadron  or  section  to  which  you  will   be  assigned  upon 

graduation . 

CLASSIFICATION--Division  of  a  class   or  group. 
COMBUSTION--The  burning  process. 
CONDENSATE — Steam  turned  back  into  water. 
CONSERVATION — Saving  of  resources. 
CONSTRUCTION — Made   or  made  of,    to  build. 
CONTROL(S )--Having  power   of  or  over. 

COPPER — Reddish  metallic  element  that   is  ductile  and  malleable  anrl  one  of  the  best 
conductors  of  heat  and  electricity. 

COPPER  TUBING — Copper   shaped  to   form  a  tube. 

CROSS-CONNECTION — Term  used  to   indicate  connection  between  two  piping  systems. 
DIAMETER — A  straight   line  through  the   center  of  a  circle. 
DIRECTIVE (S) — A  written  order. 
DRAWING(S) — A  diagram. 

DUPLEX — Having   two  parts   that  operate   at   the   s<ime   ti...e  or   in   the   same  way. 
ELECTRIC — Relating   to  or  operate*^!   by  electricity. 
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ELECTRICAJ^ — Relating    to  or  operated  by  electricity. 
ENGINKKRING  SECTION — A  part  of  civil  engineering. 
^EQUIPMENT — Implements   used   in  an  operation  or  activity. 
EXPER I  ENCK- -Knowlectje  gaiiied  by  performing. 
EXTERIOR — outside . 

FACXMTIES — Something   built,    installed  or  established   to   serve  a  purpose  • 
FIGURE (S ) — Illustration. 

FITTING(S) — Various  controlling   devices  installed  on  a  boiler • 

FLARING — Opening   or   spreading  outward. 

,  -I  r /FLEXI  BILITY — Bendable  or  pliaMe. 

^LY — All    the  way. 
FUNCTIONS — Tasks  or  performances- 
FUSION — The   act  of  melting  together. 

GAUGES-- Instruments  with  a  graduated  sc^le  for  indicating  or  measuring  quantity, 
HANDWHEC1-.(S  ) — A  valve  handle. 

HEATING — The  act  of   increasing    the  temperature. 

HEATING  SYSTEM(S) — A  combination  of  equipment  used   to  heat  a   specific  area. 
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HEATING  SYSTEMS  SPECI ALI ST/TECHN1CIAN~ A   fully  qualified  person  working   on  heating 
equipment  and/or    supervising  other  personnel. 

HEATING  TOOL — A  tool   used   to  heat  polyethylene  pipe    for    fusion   to   take  place. 

HORIZONTAL--Parallel    to   the  horizon. 

INSIDE — On  the   inner    side  of. 

INSPECTION — To  check  or   look  carefully. 

INSTALLATION (S) — Air   Force  bases  or  properties. 

INSTKUCTIONS--Procedur e 

INSTRUMENT (S ) — Referring    to  controls  or   special  tools. 
:  ^rrt'.i  ■      -    ^ nside . 

.  o  "ite  entry. 

--dimensional   view  of  a  px*  i  t  - 
LEGEND — Used   to   explain    symbols  on  a  blueprint. 

LIQUID--Nei ther    solid  or   gaseous,    having    free  movement  of  the  constituent  molecules 
among    themselves  without   the   tendency  to  separate. 

LUBRICATl.ON — To  make   slippery,    usually  with  grease  or  oil. 

MAINTAIN/MAINTAINING — To  keep  up. 

MAINTENANCE — Keeping    equipment   in  an  existing  state. 
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KiAJOR  COMMAND — Responsible  to  the  assistant  vice  chief  of  staff. 

MANAGEMENT — Judicious  use  of  time,    people,    space  and  material   to  accomplish  an  end. 
MANUAL — Worked  by  hand. 

MANUFACTURER'S  SPECIFICATIONS — Detailed,   precise  presentation  written  by  a  manufacturing 
company- 

MATERIAIj{S) — Things  or  tools   needed  to  do  a  task. 
MATTER — Anything  that  occupies   space  and  has  weight. 
MAXIMUM — Most   or  highest  limit. 

MECHANICCS) — A  person  who  operates,  maintains,  services  and  overhauls  heatinq  equipment. 
MECitANICAL/MECHANICALLY--Operated  by  a  machine. 

MENTAL — Any  of  various  opaque,    fusible,    ductile  and  typically  lustrous   substances   that  is 
a  chemical  element- 

METRIC — System  of  measurement. 

MINIMUM — Least  or   lowest  limit. 

MISSION — Tasks  or   jobs  to  which  an  organization   is  devoted. 
NEGATIVE  PRESSURE — Same  as  vacuum. 
NOMINAL — Minimum  requirement. 
OPEN (ED) — Not  closed. 

OPERATE/OPERATING/OPERATION{S ) — A  heating  plant  on  the  line. 
OPERATOR — A  person  in  charge  of  or   running  a  central  heating  plant. 
ORGAb'IZATION(S) — Structure  of  personnel  and  equipment   functioning  as  a  whole. 
ORIENTATION — Act  or  process   of  being  made  aware  of  or   about   somei-hing  new. 
ORTHOGRAPHIC — Three   separate   views  on  a  print. 
OUTER — Referring   to  the  outside. 
OUTLET — Passage   leading  out  of. 

OXIDIZING — A   flame  used   in  brazing  with  excess  oxygen. 

OXYGEN — A  gas   that  has  no  color,    taste  or  od   r,    anr?      ^    a   .'-ow.io^l    -lement ;   its  symbol 

PACK  I  ^teriax  used  in  a  pump  or  valve   t         duce   friction  and  prevent  leaks. 

PAMP.  -Booklets   or  brochures   usually  containing   information  rather  than  directive 

mater  ial . 

PERSONNEL — People  of  a  unit  or  group- 
PHOTOSTAT — To  copy  by  a  photo  device- 

PIPE  FITTING (S) — Connecting  pipe  with  the  use  of  elbow?     tees,    unions,  etc. 
POLICIES — Rules  which  must  be  followed. 
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POLYK'LiiYIiKNH  m  Pl-J — I^ipe  irade  out  of   non-metal   material   used   for  a  variety  of  uses. 
PRESSURh: — Force  oxerted- 
PRIMARY — Main . 

PROPERTY/ PROPERTIES — Land  and  buil<lings  on  an   AI*'  base. 

RE/VMEK — A  tool   used   to  remove  burrs    "rom  in     de  pipe   and  tubing. 

REGULAT ION  (S ) — Pubi  v,nat  anuounce  policies,    assign  responsibilities  and  direct 

actio*. ^ 

REGULATOR(S) — Device   used  to  control  flow. 

REINFORCED — Material   added   to  strengthen  another  material. 

REQUIREMENTS — Needs  or  essentials-  . 
RESIN   PIPE — Pipe   made  out   of  non-metal   material   used   in  condensate   return  lines. 
RESPONSiBXLXTIES--The  quality  or  state  or   being  answerable  for. 
ROTATING — To  go  around  and   around - 
RUDIMENTARY — Of  a  primitive  kind. 

SAFETY-~Condit ion  of  beiu.j   safe   from  or   causing  hurt,    injury,    loss  or  damage. 
SCALING — The  process  of   moasuring  dimensions  on  a  blueprint- 
SIPMONAGE — Act  of  drawing   something  into, 

SOLDER — Metallic  alloy  used  when  melted   to   joint   metallic  surfaces. 
SOLDERING — The   act  of   using  solder. 

SPECIALITY  TRAINING  STANDARD   (STS) — A   listing  of   related    jobs  or  tasks. 
SPECTAIjJZED  PUBL  ICATIONS--Technicai  Orders    (see  Technical  Orders). 

SUUADRON(S) — Air   Force   unit  or  men  higher  and   larger  than  a   flight  but   low  »  en-  ler 

tlian  a  group. 

STANDARD  PUBLICATIONS — Air    Porci-^   regul  ^  >  >  \  ^^r.  -       manuals,    pamphlets,  etc. 
STUFFING-    f         1         -  pac,  ,    j        .:e  pa.  King). 

obiJ.  — A  part  of. 

SUCTlciN — Act  or  process  of  exerting  a   force  by  reducing  pressure. 
SWAGING — A  process  of  combining  tubing. 

SYMBOL — Sign  or    figure   that   represents  or   relates   to  a  meaning  or  thought. 
SYSTEM — A  main  part  of- 

TECHNICAL  ORDERS  —  Special  i...ed  publications  to   furnish  personnel  with   instructions  for 
the  operation,    maintenance,    inspection  and  overhaul  of  equipment, 

TEMPERATURE-- Degree  of  hotness   or   coldness  measured  on  a  definite  scale. 

TERMODYNAMICS — Physics   that   deals  with  mechanical   action  or   relations  of  heat. 

THERMOSETTING--Capable   of  Decoming  permanently  rigid  when  heated  or  cured - 
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threaded/threading — A  job  or   task  where  you   install  NPT   (National  Pipe   Threads)    on  the 

end  of  a  piece  of  pipe. 

TRAUMATIC  SHOCK — Shock  caused  by  injury. 

TUBING — Material  in  the   form  of  a  tube. 

USAF — United  States   Air  Force. 

UTILIZATION — The  act   of  using  or   the  state   of  being  used. 
VACUUM — A  space  completely   empty  or  without  matter. 
VERTICAL — In  an  upright  or   up  and  down  motion  or  position. 
VIBRATION — Periodic  motion   in  alternately  opposite  directions. 
VOLUME — A  space  occupied  as  measured  in  cubic  units. 

WATER — Contains  two  parts  hydrogen  and  one  part  oxygen,    expressed  as  H2O. 
WATER  COLUMN — Device   that  holds  water  vertically. 

WELDING — Uniting  metallic  parts  by  heating  and  allowing  the  metals  to   flow  together. 
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3770  Technical   Trainino  Group 
(Civil   Engineering  Training) 
Sheppard  Air   Force  Base,  Texas 
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ORILNTATION 


OBJECT  ivt: 


The  objective  of  this   unit  of   instruction  is  to  give  you  a  brief  but  thorough 
orientation   into  the  !'eating   Systems   Sper   alist  course. 

INTRODUCTION 

No  doubt  you  will  have  many  questions  concerning  your   future   in  the  Air   Force  as  a 
heating   specialist.      Let's  point  out   first  that  your   job  must  be  pretty  impoitant  when 
every  building   and  person  on  the  base  is  depending  on  you   in  one   form  or  another.  Just 
think,    the  hospital,    dining  halls,    dormitories,    and  all  other   activities  depend  direptly 
on  the  heating  specialist  for  an  adequate   supply  of  steam,   hot  water  and  heat,    in  order 
to  carry  out  their  mission. 

Looking   at  this   brief  introduction,    you  can  see  that  the  skills  you  acquire  while 
attending   this  school  will   not  only  be  valuable  during  your  military  career,    they  will 
be  very  useful   to  you  when  you   return  to  civilian  life.      Well  qualified  heating 
specialists   are  much  in  demand  and   in  most  areas  they  earn  top  salaries. 

Most  people  think  of  a  heating   specialist  as  one  who  shovels  coal  or  stokes   a  fire 
all   day;   however,    this   is   not  true  at   all.     As  the  standards  of   Itving  rose,    so  did  the 
coiaplexity  of  heating  systems.      Today's  modern  heating  plants   and  systems  make  use  of 
various   types  of  complex  equipment  and  almost  totally  automatic  operation.  This 
requires   a  great  deal  of  skill   and   flexibility  on   the  part  of  the  heating  specialist. 

So  this   is  your  chance  to  begin  qualifying  yourself   for   an  outstanding  military 
career  and  a  highly  respected  and  well  paid   job  upon  returning  to  civilian  life.  Make 
the  most  of   it.     Take  advantage  of  all  the  opportunities   that  come  your  way.      In  doing 
so,    you  will  be  serving  the  Air  Force  well  and  at  the  same  time  doing  yourself  a  great 
favor.      Remember  that  the  experience  gained  while  in  the  Air  Force  will  count  as 
previous   experience  when  applying   for  a  civilian  job. 

INFORMATION 


We   in   the  Heating   Systems   Specialist  course  would   like   to  welcome  you  not  only  to 
our   course,    but  also  to  Sheppard  AFB,    Texas.     We  feel   the  heating  career   field   is  one  of 
the  most   important   in  civil   engineering-      We'll  try  and  convey  this   to  you  on  a  con- 
tinuing basis,    so  that  you'll   understand  the  importance  of  your  part   in  the  US  Air 
Force  - 

SAFluTY   GLihSSES.      In   some  blocks   of  this  course,    you  will  be   required,    if   you  need 
glasses,    to  have  and  wear  electrical   safety  glasses.      For   the  pipeline  students,  these 
glasses   should  have  been   issued  during  basic  training   at   Lackland  AFB.      For  all  othei 
students,    you  should  already  have  the  glasses   from  your  home  or  previous  base.      If  ^ou 
do  not  have   these  glasses,    you'll  have  to  make  an  appointment  at   the  base  hospital  to 
receive  them.     Failure  to  have  the  safety  glasses  by  the   required  time  will   result  in 
your  training  being  stopped  at  that  point. 

IjKNGTH   OF  TRAINING  DAY.      Your   training  day  consists   of   six  hours  classroom  time. 
You  will  be   required  to  complete  two  hours  of  directed  study  assignments   for    four  days 
per  week.      Classroom  training  has   precedence  over  all   other  duties   except   emergency  sick 
call,    emergency   leave,    or  any  absence  authorized  by  the   3770th  Technical  Training  Group 
Commander • 
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ASSIGNMENTS.     You  may  receive  your   assignments  at  any   time,   usually  during  iJlock  TI 
or  later.     All  assignments  are  handled  by  CBPO  and  your  squadron,   not  the   instructors  in 
the  heating  coui?se.     All  questions  pertaining   to  assignments  should  be  directed  to  the 
Assignments  Section  of  CBPO. 

Overview  of  Course  Content,   Its  Goals  and  Administration 

OVERVIEW  OF  COURSE.     The  Heating  Systems  Specialist  course   is  45  training  days  in 
duration.     The  following   is  the  block  number  and  title: 

-  -  -Block  I   —  Fundamentals   and  Pipe  Fitting 


_  -  -Block  II  —  Basic  Electricity 

_  _  -Block  ITX  —  Controls,  Troubleshooting  and  Oil  Burners 

-  -  -Block  IV  —  Solid,  Gas  Fuel   Burners  and  Warm  Air  Distribution  Systems 

-  -  -Block  V  —  Hot  Water  Heating  Systems 

-  -  -Block  VI  —  Central  Plant   and  High  Temperature  Water  Heating  Systems 

-  -  -Block  VII  —  Boiler  Maintenance   and  Steam  Distribution  Systems 

-  -  -Block  VIII  —  Boiler  Water  Treatment  and  External  Corrosion 


-  -  -Block  IX  —  Solar 

COURSE  ORGANIZATION.      In  the  Air  Force  you'll   find  that  everyone  has  a  boss.  This 
is  needed  to  maintain  discipline  and  high  efficiency.      In  this  course,   as   in  ail 
courses,    the  chain  of  command  starts  with  the  class  leader  who   is  directly  responsible 
to  the  class  instructor.     The  chain  follows  upward  in  +-his  case   to  the  Commander  iif  the 
3770th  Technical  Training  Group.     Your   instructor  will  give  you  the  names  of  the 
personnel  who  come  in  this  chain  of  command  as   illustrated  in  Figure  1. 


GROUP  COMMANDER 
 ^ 


I   I 

I  BRANCH  CHIEF  I 

I  _^  I 


I  "  '  ■  I 

I  COURSE   SUPERVISOR  I 

l_  I 

j 

  I  

I  ~~  1 

I  INSTRUCTOR  I 

'  i  ' 


I  CLASS  LEADER 
I  


I 

I  STUDENT 
I   


Figure  1.     Chain  of  Command 
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COURS:::  OliJECTIVbiS  AinID  GOALS.      The  objectives   and  goals  of  this   course   is   to  give 
you  a  gener.-il  Xnowledgo  of  AFSC   :  1532>    Appren       e  Heating  Systems  Specialist.     You  will 
also  perform  certain  apprentice  duties  as  outlined  in  the  current  Specialty  Training 
Standard.      We  will   also  give  you   it^formation  that  will   give  you  an   insight  as   to  what  to 
^expect  when  you  graduate   trom  this   coui        and  'jo  to  your  next  duty  station.  Remember, 
we  do  not   expect   you   to  know  evei:ything  . '-vuit   the  heating   field;   rather,    just  have  a 
ijonorol    knowlf'chj*/  (>r   tUu  <hil.ioB  nwA   r  ©«pouBi  ^  M  ItieH  ot:  AFSC   54532  and  be  nble  to 
perfonu  it^.^oiiod  tasks  with  help  on  t^      haraust  parts   (partially  proficient). 

SCHuoL,  tOf.iClKS.      The   l^llowinq   ii    a   list  of  school  policies  that  we   expect   to  be 
followed ; 

„  'hift   and  Class  Hours.     At  present,    the  Heating  Systems   Specialist   course  is 

V  |v.r  ...iiKj  on  S-shift.      Classi  hours   start   at  0610  hours   each   school   day  and 
t    u.uinate  at   1200  hours.     Your   instructor  will  have  the  classroom  open  at  0600 
hours   for  ..is   classroom  prep,-^.rat ion  time. 

  Class   Attendance.     Class  attendance   is   mandatory  unless  you  go  on  emergency^ 

sick  call,    emergency   leave,    or  you  are  excused   from  class  by  the  3770th 
Technical  Training  Group  Commander.     You  will  be  considered   late  t.o  class  ^ 
a-:ter  0610  hours.      If  you  are   late,    an   ATC  Form  62  will  be   filled  out  by  yqiur 
instructor  and   forwarded  to  your   squadron   for  action. 

  Emergency  Leave  and  Sick  Call.      Emergency   leave  must  be   verified  ^v  the  Red 

Cross   through  your  school  squadron.      School  squadron  personnel  will  handle  all 
paperwork.     You  may  go  on   emergency  sick  call  at  any  time.      Normal   sick  call 
appointments  will  be  made  by  school   squadron  personnel.      It  would  be  best  for 
normal   sick  call  appointments   to  be  made   for   the  afternoons,    so  as  not   to  miss 
cxxiy  school  . 

  Student  Dress  and  Personal   Hygiene.     Uniforms,    shoes,   haircuts   and  personal 

hygiene  will   conform  to  AFR  35-10  and  supplements   thereto.      (TO  THE  LETTER) 
violators  will  be  warned  once;    if  this   fails,   you  will  be  counseled  by  the 
course  supervisor;  and   if  this   fails,    you  will  be  sent  back  to  your  school 
^  squadron   for  disciplinary  action.     Uniform  wear   for  the  heating  course  will  be 

W  fatigues   except  on  graduation  day.      On  graduation  day  you  may  wear  combina- 

tions  Ir    2,    2a,    4,    or  4a. 

  BREAK  SCHEDULE.      The  break   schedule   for   the  heating  course   is  on  each 

classroom  bulletin  board.      Break  times  v;ill  be   followed  to  the   letter  and 
monitored  closely  by  the  course  supervisor, 

  SMOKING  REGULATIONS.      For   students,    there  will  be  NO  SMOKING  in  Buildinq  1927. 

The  smoking   area    for  students   is  outside   in   the  designated  area.  All 
cigarette  butts  will  be  placed   in  the  proper   receptacle.     All  break  and 
smoking  areas  will  be  monitored  by  supervisory  personnel  and  names   taken  of 
personnel  breaking   the  rules. 

  CLEAN-UP   SCHEDULE.      Clean-up  schedules  will   be  posted  on  each  classroom 

bulletin  board.      All  clean-up  will  be  accomplished  starting  at  1150  hours 
unless  a  hazardous  condition  exists. 


Responsibilities   of  Student 

You  have  responsibilities  both  here   in   school   and  to  your  squadron, 
by  the  rules  set  by  the  USAF  and/or   its  designated  representatives. 

Importance  of  Graduate *s  Performance  to  AF  Mission 

The  importa.'  e  of  your  performance  here  cannot  be  over  emphasized.     The  better  you 
understand  and  perform  here,    the  better  you'll  be  able  to   function  and  perform  at  your 
next  duty  station.      This  will  also  make  your  adjustment  to  the  Air  Force   life  much 
easier.      Lastly,    and  maybe  most   importantly,    you  will  have   the  self-satisfaction  of 
doing  your  best   at  whatever   job  you  are  called  upon  to  do. 


You  must  abide 
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Benefits  of  CCAF  and  Its  Assignment  of  Credit  at  Regionally  Accredited  Institutions 


What   is  CCAF?     The  Community  College  of  the  Air  Force  is  one  of   the  best  educa- 
tional opportunities   in  the  Air  Force.     The  people   to  gain  the  most   from  this  ptogram 
are  the  basic  airmen  with  previous  college  credit  on  their  records.      In  the  Air  Force 
you  get  college  hours   for  basic  training  and  hours   for  each   formal  technical  training 
school  thereafter.     The  basic  heating  course   is  worth  semester  college  hours   towarci  youi 
CCAF  certificate.     To  find  out  more  about  CCAF,    visit  your  local  Base  Education  Office, 
either  here  at  Sheppard  AFB  or  your  next  duty  station. 

Student  Progress  Policies 

PROGRESS  CHECKS.      In  the  heating  course  we   sign-off  criterion  checXlists  after  you 
complete  a  project  or  projects.     Failure  to  complete  a  jproject  will  result   in  an  unsat- 
isfactory mark  on  your  criterion  checklist.     This  will  have  to  be  corrected  before  you 
can  take   the  block  test.      Your   instructor  further  evaluates   yon.  each  and  every  day  to 
insure  that  you  are  progressing  satisfactorily. 

WRITTEN  TESTS.      At  the   end  of  each  block,    you  will  be  given  a   25  or    50  question 
multiple-choice  block  test. 

PROFICIENCY  ADVANCEMENT.      Some  of  you  may  have   experience   in  your   chosen  career 
field  or  college  training  which  would  permit  you  to  be  advanced  to  classes   ahead  of  you 
If  you   feel  that  you   could  pass  the  tests   for  a  block,    you  should  ask   your  instructor 
for  an  interview  with  him  and  his  supervisor.     They  will  determine  whethei    to  give  you 
the  test.      Should  you  be  given  the  test  and  make  a  passing  grade,    you  covild  be  advanced 
a  class  if  one  was  available. 

SCHOOL  GRADING.     You  must  attain  a  minimum  passing   score  of   60  percent   in  each 
block  • 

Honor  Graduate  Program  and  Student  Recognition 

This   is  a  special  program  for  those  students  who  maintain  a  high  overall  block  tes 
average  grade.     The  grade  cut-off   is  determined  by  the  percent  of  honor  gra.'tuates  up  to 
that  particular  time.      In  addition  to  your  regular  diploma,    you  will  receive  a  special 
honor   graduate  certificate  and  a  special  letter  will  be  sent  to  your  parents.      Even  if 
you  maintain  a  high  enoi^gh  grade  average,    you  will  not  be  eligible   for  the  honor 
graduate  program  if  you  have  an  UIF  file  in  the  squadron. 

Effective   Study  Techniques 

ATC  Programmed  Text  52-1 1#   Study  Skills,   will  give  you  an  insight  into  proper  and 
effective  study  procedures.     This  handout  will  be  given  as  an  extra  homework  assicjnment 
One  thing  to  remember,   we  are  all  different,    both  physically  and  mentally;   thus  our 
capabilities  are  different  and  our  study  procedures  will  also  be  different. 

Ground  Safety 

SEAT  BELTS.     AFR  127-5  states  that  all  military  personnel,   both   in  military  and 
civilian  vehicles,   must  wear  seat  belts.      On  Sheppard  AFB#    the   Security  Police  make 
random  seat  belt  checks  with  non-conformist   issued  citations.      Remember,    buckle  up  for 
safety I 

Procedures   for  Shelter  Exercises  and  Fire  Drills 

FIRE  DRILL.      In  the  event  of  a  fire  drill  or  alert,    all  personnel  will   file  outsid 
through  the  nearest  exit  or  door.     Move  away  from  the  building  and  watch  out  for 
fire-fighting  equipment.     Stay  out  of  the  building  until  an   "all  clear"   is  given. 

TORNADO  ALERT.      In  the  event  of  a  tornado  alert,    all  personnel   in  building   192  7 
wiil   file  to  the  center  of  the  building.      Stay  calm  and  do  what  your   instructors  tell 
you.      Stay  in  your  designated  shelter  area  until  the   "'^11  clear"   is  given. 

NUCLEAR  ATTACK.      In  the  event  of  a  nuclear  alert,   we  will  have  plenty  of  advance 
notice.     All  students  will  be  marched  back  to  their   respective   squadrons  and  housed  in 
th^i.    own  shelter.     Instructors  wiM  go  immediately  to  their  designated  shelter. 
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Pre-narrated   slide:     ATS   75-32,    Student  Critique  Pr  aram,   will    f^ally  explain  the 
Icritique  procjram.      Fvemember,    you  can   fill  out  a  critique      jrm  at  any  time.     Turn  the 
oompleto<l    form  over  to  your   instructor  or  the  course   supervisor.     BE  SPECIFIC  ABOUT  AXiL 
COMPLAINTS  OR  APPRAISALS i 

Conservation  of  Training  Materials,    Resources  and  Energy 

Energy  conservation  cannot  be  over- en\phasi:-t:=d.  The  availability  and  cost  of  energy 
are  getting  more  critical  every  day.  Everyone  is  expected  to  conserve  in  every  phase  of 
energy  consumption  area;    specificallyr    electricity,    fuel,    and  water  resource  areas. 

Disposition  of  Eliminees 

First,    there  are   two  ways  which  you  may  be   eliminated    from  the  heating  course.  One 
way  is   tor  uiaoiplinary  reasons  and  the  other  is   for  acad?*mic   reasons.     When  it's 
decided  that  you  are   to  be  eliminated,    all   the  pevperwork  is    forwarded   to   the  Eliminat^ion 
Faculty  Board.     The  Faculty  Board  makes  the   final  decisions.     Once  eliminated,   you  are 
sent  back    to  your   squadron   to  await   further  classification  and  reassignment  by  CBPO. 

Types,    Use  and  Care  of  Instructional  Materials 

Study  guides,   workbooks  and  programmed  texts  are  the   types  of  instructional 
materials  used  in  this  course.     They  are  used  to  help  clarify  the   instructor   s  lectures 
and  presentation  during   the  day.      It   is  up  to  you,    the   student,    to  maintain  this 
material.      In   fact,    the   study  guide  will  have  to  be  maintained  to  a  condition  that  they 
can  be  returned   to   the   instructor   at  the   end  of  each  block.     The  workbooks  and 
programmed  texts  are  yours  to  keep. 

Necessity  of  TOY  Personnel  Clearing  Through  In- Processing   at  Base  Personnel 

All  TOY  personnel  must  clear   through  in-processing   at  CBPO .     This  will   insure  that 
you  are  enrolled   in  the  proper  course   and  assigned   to   the  proper  squadron. 

^    Instructions    for  Completion  of  STTC  Form  120,    Processing  Checklist  -  TDY  Personnel 

STTC   Form  120,    I n- Proc essing  Section,   must  be  completed  prior   to  class   start  date. 
The   form  will  be  kept  in  the   supervisor's  office  and  returned  one  day  prior   to  gradua- 
tion.     Diplomas  will   not  be   issued   to  any   student  until   all  out- processing  has  been 
completed  and  the  checklist  again  returned  to  the  instructor. 


> 


) 


1-5 

111 


SG  J3ABR54532  OOi-I-2 


CIVIL  ENGINEER  ORGANIZATION,    SAFETY,    AND  PUBLICATIONS 


OBJECTIVK 

The  objective  of  this  unit  is  to  explain  the  civil  engineering  organization, 
related  career  ladders   in  the  54   (mechanical/electrical)   career  field,  and  duties, 
responsibilities,   progression  of  the  545X2  career  field,   and  publications. 


INTROnuCTTON 

You  have  learned  many  new  things  since  becoming  a  member  of  the  united  States  Air 
Force.     Basic  military  training  taught  you  the  fundamentals  of  military  life,   now  it's 
time:  to  supplement  this  training  with  information  about  your  newly  chosen  career  £ield. 
First,  you  must  gain  knowledge  about  this  organization  to  v?hich  you  are  assigned  -  Civil 
Engineering   (CE),   its  different  branches,    sections,   offices,   etc.     Nextr   is  the  branc^i 
of  CE  your  Air  Force  Specialty   (AFS)    is  assigned  —  the  mechanical/electrical  branch. 
Your  particular  career  field  is  next  —  heating  systems. 

Air  Force  publications  are  a  means  of  communication.     They  announce  policies, 
prescribe  procedures^   and  furnish  instruction  a:nd  infprmation  necessary  to  accomplish 
the  mission  of  various  activities. 


INFORMATION 

Mission  and  Organization  of  Civil  Engineering  Units 

An  important  part  of  being  a  member  of  the  Air  Force  is  striving   to  accomplish  a 
mission.     This  is  done  by  progressing   in  your  tield.     Hopefully,  you  have  enthusiasm, 
initiative  and  the  desire  to  progress.     The  experience  you  gain  will  not  only  benefit 
you  as  an  individual,  but  will  provide  the  Air  Force  with  the  type  of  personnel  that 
will  keep  it  a  highly  technically  skilled  organization. 

UNIT.     A  part  of  a  military  establishment  ,that  is  part  of  a  prescribed  organi- 
zation,   (Squadrons),  made  up  of  a  Non-Commissioned  Officer  in  Charge   (NCOIC),   and  a 
prescribed  number  of  both  military  and  civilian  personnel  depending  on  the  mission  of 
the  Squadron. 

SQUADRONS.  A  part  of  a  military  establishment  that  is  part  of  a  prescribed  organi- 
zation, (GROUP),  made  up  of  all  units  assigned  to  the  prescribed  organization  and  headed 
by  a  commissioned  officer. 

GROUP.  A  part  of  a  military  establishment  that  is  part  of  a  prescribed  organi- 
zation, (WING),  made  up  of  all  squadrons  assigned  to  the  prescribed  organization  and 
usually  headed  by  a  field  grade  officer. 

The  prime  mission  of  che  civil  engineering  unit  is  to  acquire,  construct,  operate 
and  maintain  real  property  facilities.     Included  as  part  of  the  primary  mission  are  the 
management,   engineering  and  other  support  work  and  services  that  relate  to  real 
property.     Such  areas  as  fire  protection,   traffic  engineering,   utilities,  landscaping 
and  grounds  maintenance,   sanitation,  airfield  pavements,   and  base  recovery  from  natural 
and  man-made  disasters  are  all  part  of  the  responsibility  of  base  civil  engineering. 

Base  civil  engineer  responsibilities  and  functions  are  specifically  spelled  out  by 
Air  Force  regulations.     Think  for  a  moment  of  all  the  real  property  facilities  on  your 
base.     The  enormous  responsibility  becomes  evident  when  you  consider  the  number  and  the 
cost  of  the  properties  and  facilities  with  which  base  civil  engineering   is  concerned. 
How  are  these  responsibilities  met?     Primarily,   through  a  wel Ir-organized  unit  with  each 
subdivision  of   that  unit  responsible  for  certain  functions.     Civil  engineering   units  are 
generally  standardized  as  outlined  in  instructions  issued  by  Headquarters  USAF.  Major 
commands,   however,   are  authorized  to  make  minor  changes  in  the  organizational  structure 
to  fit  the  needs  of  a  particular  base. 

Base  civil  engineering  organizations  are  divided  into  certain  components  or 
subdivisions.     Figure  2   illustrates  the  organizational  structure  of  a  base  civil 
engineering  unit.     By  studying  the  figure  you  can  easily  see  each  level  of  command,  from 
the  base  civil  engineer  down  to  the  individual   shops.     Normally,   the  civil  engineering 
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unit  on  a  base  is  designated  as  a  civil  engineering   squadron.     On  soire  basos,  however, 
the  civil  engineering   unit  has  a  group  des igna t iori .     This,   of   course,   depends  on  the 
size  of  the  base  and  the  amount  of  real  property   facilities.     A  large  base  may   have  a 
civil  encjineering   group,   whereas  a  small  base  would  have  a  scjuadron.      In  either  case, 
tlie  civil  enginei^ring  unit  is  organized  bataically  as   shown  m  the  figure. 

To  carry  out   its  support  functions,   a  civil  engineering   unit  must  operate  in 
conjunction  with  other  units  on  the  base.     The  transportation  squadron,    for  example, 
provides  vehicles  for  the  civil  engineering  operation;    the  communications  squadron 
provides  telephone  and  other  communications  equipment;  and  other  units  provide  such 
services  as  supply,    food  and  security  police  protection.     In  turn,   base  civil 
encjineering  provides  these  base  units  not  only  with  buildings  and  facilities  necessary 
for  their  operations  but  also  with  the  maintenance  of  the  facilities.     Base  civil 
engineeriixg   is  responsible  for  all  the  real  property  facilities  that  are  required  by  the 
base . 

AFR  85-1,   Resources  and  Work  Force  Management  gives  procedures   to  Base  rivil 
Engineering   (BCE)    for  managing  work  done   in  service  through  civil  engineering  squadron 
or  self-help. 

Work  Identification 

There  are  a  number  of  ways  that  people  may  make   their  desires   for  work  or  services 
known  to  Civil  Engineering.     One  of  these  ways  is  to  use  AF  Form  332,   BCE  Work  Request. 

This  work  request  form  serves  dual  purposes.      It  is  both  a  work  re.juest  and  a  work 
approval  or  disapproval  document. 

Since  you  may  desire  to  submit  one  of   these  forms  yourself,    it  may  be  worthwhile  to 
look  at  the  criteria   for  submitting  onci.     At  this  point  you  may  be   scratching  your  liead 
wondering  why  you  might  have   to  submit  a  work  request  1     Let's   first  look  at  the 
criteria,   then  we  will  explain  why  or  when  you  may  be  required  to  prepare  one. 

For  organizations  other  than  Civil  Engineering,   the  AF  Form  332   is  used  to  request; 

  New  Work.     This  is  all  construction  requirements  including   the  permanent 

removal  or  initial   installations  of  RPIE;    new  work  on  leased  facilities;  all 
reimbursable  work  and  services;   and  all  non-reimbursable  work  and  services 
except  when  such  work  and  services  are  specific  civil  engineering 
responsibilities. 

 .      The  repair  of  damages  to  real  property  caused  through  neglect  or  abuse. 

  All   self-help  work,   except  that  work  defined  as  homeowner's  responsibilities 

in  AFR  91-1   and/or  Base  Family  Housing  Brochure. 

The  AF  Form  332  also  serves  as  a  work  approval  document   Cor  work  that   is  within  the 
Base  Commander's  approval  authority.      It   is  used  to  approve  or  disapprove  the  work 
stated  in  the  above-listed   items,   and  to  approve  work  for: 

  In-service  minor  construction  requirements  initiated  by  base  civil  engineering 

and  costing  over  $100   for  Military  Family  Housing,   and  $500    for  base  work. 

  Projects  that  are  to  be  accomplished  by  contract,   regardless  of   the  work 

classif  icat ion . 

Perhaps  you  have  already  caught  the   item  that  might  explain  your  need  to  prepare 
and  submit  a  332.     It  is  the  first  item  in  the  paragraph  directly  above.      If  you  are 
living   in  the  barracks  and  you  would  like   to  have  a  partition  put  up,   or  a  cabinet 
installed,  or  any  other  item  you  think  might  be  approved,   then  you  will  have  to  prepare 
and  submit  a  work  request. 

Work  Authorization 

As  we  mentioned  before,   all  the  work  you  Jo  mu.s'.  be  authorized  by  one  of  the  civil 
engineering  authorization  documents.     You  may  be  reciuired  to  use  one  of   i:he>5e   torms  m 
perf  rming  your  job. 
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service  Call  Unit 


Service  Call  Unit  receives  verbal  request  for  work  and  controls  rapid  L-esix>nso 
service,    (Do-It-Now  (DIN)  Vehicle).  ^ 

AF  Form  1879,   Service  Call/Job  order  Record 

AF  Form  '187  9,  BCE  Job  Order  Record,    is  a  document  used  to  authorize  worV;  oil  vi  minor 
nature  with  a  minimum  of  administrative  costs. 

The  form  is  unique   in  that  five  different   types  of  work  can  be  authorized.     It  can 
be  used  to  authorize: 

  Service  Call  Work'      Emergency  and  Urgent  Job  Orders 

  Routine  Job  Orders^     Job  orders  accumulated  in  a  hopper  by  geoyruphicai  ai'ea 

and  scheduled  as  work  packages.     Most  bases  are  divided   into  18  different 
zones.     Once  a  week  these   job  orders  are  screened  and  packaged   for  scheduling 
to  the  shops. 

  In-Service  Work  Plan  Job  Orders   (IWP):     A  plan  used   to   time  phase  work  to  be 

done  by  the  shops. 

  Self-Help  Work:     Requests  to  do  self-help  work  must  be  closoly  reviewed  to 

determine  the  requester's  ability  to  complete  the  work. 

  Smart  Team  Work:     Structural  Maintenance  and  Repair  Team,    (SMART) ,    is  ase<i  to 

do  work  in  high  use  facilities.      It  is  made  up  of  a  team  of  workers  with 
various  skills  and  work  out  of   a  trailer. 

AF  Form  327,   Base  Civil  Engineer  Work  Order 

The  BCE  work  order  is  designed  to  provide  the  detailed  planning  and  control 
necessary  to  efficiently  accomplish  large  or  complex  jobs.     You  will  notice   from  the  . 
last  sentence  the  words  detailed  planning  and  control.     Normally,    job  order  work  does  | 
not  require  this  detailed  planning.     The   level  of  control  considered  necessary  to 
effectively  and  economically  accomplish  a  job  is  a  basic  determining   factor  for  deciding 
on  the  use  of   an  individual  work  order  or  a  job  order  for  authorizing   the  work. 

Management  and  Utilization  of  Material  Resources 

All  jobs  and  tasks  assigned  to  you  should  be  completed  in  a  minimum  amouint  of  time 
using  only  the  necessary  materials  and  equipment.     Cost  is  already  figured  into  your 
work.     Fraud,   waste  and  abuse  cost  us  both  money  as  taxpayers  and  as  cost  overruns  on 
fiscal  budget. 

Duties  and  Retiponsibil i t ies  of  AFSC  545X2 

A  good  worker  must  know  what  he   is    expected  to  do.     Ability   is   important  but, 
without  a  complete  knowledge  of   the  duties  and  responsibilities  of  a  job,   ability  may  be 
ineffective.     As  an  apprentice  beating   systems  specialist,   your  duties  are  almost  the 
same  as  the  heating   systems  specialist   {5'-skill  level).     However,   the  responsibilities 
attached  to  your  duties  are  not  as  great. 

How  can  you  tell  just  what  your  Outies  and  responsibilities  are?     They  are  spelled 
out  in  an  Air  Force  Regulation,  AFK  39-1,   Airman  Classification,     Air  Force  specialties 
are  written   for  each  level  within  each  career  field  ladder.     The  specialty  description 
consists  of   four  sections:     (1)     specialty   summary,    (2)   duties  and  responsibilities,  (3) 
specialty  qualifications,   and  (4)    specialty  data. 

Your  specialty  description  AFSC  54532  has  been        .roduced   for  your  convenience  and 
study . 
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AIRMAN   AIR   FORCE  SPECIALTY 


HEATING   SYSEMS  SPECIALIST 


I 


SPECIALTY  SUMMARY 


InBtallsi,  mciintainB,  repairs,  and  operates  heatlnq  plants,  systems,  and  equipment. 
Rolatod  vol)  Occupatioal  Subgroup:  720. 

2.      DUTIES  AND  RESPONS  IBILilTIES 


a .      Installs  and  maintains  heating 
systems  components  and  equipment* 
Tnterprets  detailed  blueprints,  dr?*.wings, 
and  specifications   for  heating  plants, 
systems,    and  components-      Installs  air, 
steam,   water,    and  solar  heating  and 
distribution  systems   components  and 
equipment   such  as   furnaces,  boilers, 
stoves,    heat  exchangers   and  pumps, 
burners,    blowers,    fans,    strainers,  solar 
collection  and  storage  tanks  and  radiant 
heating   fixtures;   oil,    gas,    or  coal  fuel 
handling  distribution  and   storage  facil- 
ities and  equipments  demineralizers, 
deaeratnrs,    and  proportioning   feed  pumps 
air  .distribution  duct  a;   water  and  steam 
distribution  and  pneumatic   control  pipes, 
tubes,    and   valves;  pressure  and  temper- 
ature gages  and  recording  devices. 
Shapes,    sizes,    and  corrects  high  and  low 
pressure  piping  and  tubing-  Observes 
piping   distribution  system  for  evidence 
of  corrosion.     Welds  heating  systems 
components  and  supporting  devices  using 
oxyacetylene  equipment.      Uses  special 
tools,    materials,    and  procedures  for 
coupling  and  insulating  high  pressure  and 
high  temperature  piping   and  components. 
Mounts,    connects,   and  adjusts  electrical 
components  such  as   transformers,  motors, 
electrodes,    relays,    solenoids,  switches, 
and  thermostats.     Conducts   tests  of 
installed  equipment   for  proper  assembly 
of  components   and  compliance  with  techni- 
cal orders,   manufacturer's  handbooks,  and 
loco.1  procedures, 

b .      Operates  and  main'tains  central 
heating  plants.      Operates   and  maintains 
plant  components   and  equipment  such  as 
boilers,    l^urners,    pumps,    blowers,  fans, 
steam  turbines,    and  stokers;  oil,    gas,  or 
coal   fuel  handling  equipment,  storage 
facilities,    and  fly  ash  collectors; 
demineralizers   and  water  treatment 
equipment.      Operates  oil.    Refuse  Derived 
Fuels    (RDF),    gas  biomass,    or  coal-fired 
boilers.      Determines   fuel  requirements. 
Inspects   shipments  of  coal,   wood,  and 
other  fuels   to  verify  conformance  to 
specifications.     Collects  and  prepares 
ooal   samples  according   to  Bureau  of  Mines 
recommended  procedures.      Fires,  blows 
off#    and  cleans  boilers.      Operates  manual 
controls   or   sets  automatic  controls  to 
supply  oil  or  gas  to  burners  or  to 
operate   stokers  and  chain  grates  for 
coal-fired,   biomass  or  RDF  boilers.  Hand 
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fires  coal-burning  boil»ers   to  maintain 
efficient  operation.      Adjusts   draft  and 
fuels   to   load  for  efficient  operation. 
Operates  boilers   for  efficient  combustion 
by  vitmal   analysis  and  by  use  of   flue  gas 
analyzing   equipment,    draft  gauges,  and 
stacl:  thermometers.     Checks   and  adjuafts 
safety  valves-     Observes  water  and  steam 
gauges   and  adjusts  controls   to  maintain 
appropriate  pressures  and   levels . 
Synchronizes  recording  devices  with 
operation  of  electric,   pneumatic,  and 
mechanical  sensing  and  control  devices. 
Operates  water  feed  systems.  Performs 
chemical  analysis  vof  boiler  water  and 
calculates  chemical  feed  rates.  Operates 
and  regulates  demineralizers,  water 
treatment  equipment,    deaerators,  and 
proportioning  feed  pumps   in  conjunction 
with  water  feed  systems   to  prevent  scale 
and  corrosion  damage  and  maintain  safe 
operation  of  boilers.      Posts   entries  in 
operation,    inspection,    and  maintenance 
records-      Records  meter  readings,  fuel 
consumption,    and  other  pertinent  data  in 
equipment  performance  logs. 

c .     Maintains  and  repairs  buildincf 
heating  systems.     Maintains   and  repairs 
warm  air,   hot  water,    and  low  or  medium 
pressure  steam  heating   systems.  Main- 
tains heating  systems  components   such  as 
furnaces,   water  and  steam  boilers, 
stoves,    and  radiant  heating  fixture; 
steam,   hot  water,    solar  and  warm  air 
distribution  systems,   pipes,    and  ducts; 
and  heat   exchangers  and  pumps.  Performs 
oil— burning  unit  maintenance  functions 
such  as   testing  and  adjusting,  starting, 
timing,    recycling,    and  safety  switches; 
and  cleaning,    adjusting,    or  replacing 
nozzles ,    atomizing  cup,    needle  valve , 
motor,    blower,    transfer,    and  protecito- 
relay.      Performs  gas  burning   unit  main- 
tenance  functions  such  as  cleaning, 
adjusting,    or  replacing  pressure  regu- 
lators,   solenoid  and  diaphragm  valves, 
and  pilostats;   electronic   ignition  and 
flue  daimper  systesm,    and  detection, 
repair,    or  replacement  of  leaking 
distribution  lines.      Performs   solid  fuel 
burning  unit  maintenance   functions  such 
as   cleaning*    repairing,    or   replacing  of 
doors,    baffles,   plates,  stovepipes, 
firebrick,    and  stoker  mechanisms;  and 
lubrication  of  motors  and   fans,  recording 
devices;   and  fuel,    air,    water,    and  steam 
flow  control  servo-mechanisms . 
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Uses  and  interprets  instruments  and 
equipment  such  as  pyrometers,  voltmeters, 
velometers,  ammeters,   fiue-gas  analyzers^ 
hydrometers,   pressure  gauges,  and 
recording   thermometers  to  detect  heating 
systems  and  related  control  malfunctions 
and  adjust  system  components  for 
efficient  and  safe  operation. 

d.     Maintains  tools  and  equipment. 
Removes  dirt  and  grease   £rom  tools  and 
equipment  and  makes  minor  repairs. 


Lubricates  metal  i^arts  to  prevent  rusting 
and  corrosion.  Sharpens  ed'jes  oL'  cuttirK^ 
tools.  I 

e.     Supervises  heating  systems 
personel.     Conducts  on-the-job  training 
in  functions  such  as  installation, 
operation,  maintenance^   and  repair  of 
heating   systems,   plants,   and  equipment* 
Assigns  work  and  examines  completed 
repairs   for  compliance  with  local^ proce- 
dures and   applicable  technical  orders. 


SPECIALTY  QUALIFICATIONS 


a.     Knowledge •     Knowledge  of  prin- 
ciples and  theory  of  pressure,  vacuum, 
vaporization,   condensation >    heat  conduc- 
tion,   radiation,   and  convection  as 
applied  to  air,   steam  and  water,  nomen- 
clature,  types,   sizes,   and  purposes  of 
furnaces,   boilers,   heat  exchangers  and 
pumps,   and  heating  systems  components; 
standard  types  and  specification  of  fuel 
such  as  coal,   biomass,   RDF,   oil,   and  gas; 
techniques   for   installing,   operating,  and 
repairing  heating  equipment,    systems,  and 
fixtures;   blueprint  reading;    and  safety 
codes  and  practices  is  mandatory. 
Possession  of  mandatory  knowledge  will  be 
determined  according  to  APR  35-1. 


b.  Education .     Completion  of  high 
school  with  courses   in   shop  and  mathe- 
matics  is  desirable. 

c.  Experience .     Experience    in  func- 
tions such  as  operation  of  high-pressure 
L>aileri3  or   installation,   repair,  and 
maintenance  of  heating  systems , 
equipment,   an^^j   fixtures   is  mandatory. 

d.  Training .   Completion  of   a  basic 
heating   systems  course   is  desirable. 

e.  Other  *     Physical  qualification  Cor 
military  drivers  according   to  AFK  160-43 
is  mandatory  for  entry  into  this  AKSC. 


AIR  FORCE  OCCUPATIONAL  SAFETY  AND  HEALTH  STANDARDS    (AFOSH  STANDARDS)  ^ 

These  standards  are  used   in  the  heating   specialty  and  you  should  be   familiar  with 
the  ones  pertaining  to  the  subjects  taught  in  this  school  and  the  ones  pertaining  to 
your   job.     AFR  0-17  covers  Air  Force  Occupational  Safety  and  Health  Standards  (AFOSH). 

AFOSH  STDs  127-1,  Walking  Surfaces 
127-4,  Portable  Ladders 
127-5,  Welding,   Cutting  and  Brazing 
127-6,   Fixed  Ladders 
127-7 ,  Scaffolding 

127-11,   Electrical   Installation  and  Equipment 
127-12,  Machinery 

127-31,   Personal  Portective  Clothing  and  Equipment 

127-38,   Hydrocarbon  Fuels,  General 

127-40,  ?uel  Storage  Systems 

127-43,  Flammable  and  Combustible  Liquids 

161-1 ,  Respiratory  Protection 

161-2,   Industrial  Ventilation 

161-4,   Exposure  to  Asbestos 

161-8,  Permissible  Exposure  Limits  for  Chemical  Substances 

HAZARDS   OF  THE  545X2  SPECIALTY 

As  your  knowledge  of  your   specialty   increases,   you  will  become  more  aware  of  the 
hazards  that  we  as  heating   system  specialists  deal  with  on  a  daily  basis.     Listed  below 
are  the   four  main  hazards  in  our   specialty.     By  the  end  of   the  course  you  should  be  able 
to  name  at  least  two  more  hazards  that  you  will  be  exposed  to. 

-  Electrical 

-  Flammable 

-  Chemical  I 

-  Steam/Hot  Water 
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Types  of  Publications 


5pecid.l  ized 

The  most  important  of  the  specialized  publications  are  technical  orders.  They 
provide  specific  technical  information,   instructions  and  safety  procedures  pertaining  to 
the  installation,  operation,  maintenance  and  modification  of  Air  Force  equipment  and 
naterials.     The  technical  order  system  does  not  apply  to  experimental  equipment,  or  to 
bhe  operation  and  maintenance  of  real  property  equipment.     Because  of  the  variety  and 
complexity  of  heating  equipment,   it  would  be  impossible  to  maintain  technical  orders 
::overimj  all  of  the  different  manufacturers'  equipment. 

Technical  Order  00-5-1,  AF  Technical  Order  System,  explains  the  TO  system  in 
detail . 

Technical  Order  0-1-01,  Numerical  Index  and  Requirements  Tables,  gives  the  indexes 
for  the  different  categories  of  technical  orders. 

■> 

btandard  Publications 

Thete  are  eight  different  types  of   standard  publications;   the  three  types  that  we 
will  be  covering  are:     regulations,  manuals  and  pamphlets. 

AFR  0-2  is  the  Numerical  Index  of  Standard  and  Recurring  Air  Force  Publications. 

AIR  l^ORCE  REGULATIONS   (AFRs).     AFRs  contain  directives  and  policy   instructions  and 
assign  responsibility  for  carrying  out  the   instructions.     They  not  only  ::ell   '•what  to 
do",  but  they  also  frequently  prescribe,    in  general  terms,   the  procedures  for  accom- 
plishing the  action.     More  specific  details  on  how  to  accomplish  the  specific  actions 
are  usually  provided  in  Air  Force  manuals. 

AIR  FdRCE  MANUALS   (AFMs).     Manuals  may  be.  considered  as  "working  handbooks".  They 
contain  permanent  and  detailed  instructions,  procedures  and  techniques  that  operating 
personnel  are  to  use  in  performing  their  duties.     Manuals  may  be  compared  to  the  "How  To 
DO  It"  articles  you  find   in  popular  science  magazines  or  books  on  how  to  repair  your 
automobile . 

AIR  FORCE  PAMPHLETS   (AFPs) .     Pamphlets  are  booklets  or  brochures  similar  to 
manuals,   but  not   so  thorough  in  their  coverage.     They  are  usually  merely  information, 
not  directive;    that,   they  provide  information  but  do  not  direct  or  "order"  you  to  do 
anything.     However,   some  pamphlets  are  directive   in  nature.     One  such  directive  pamphlet 
with  which  you  should  become  thoroughly  familiar  is  AFP  85-1,   Electrical  Facilities  Safe 
Practices  Handbook.     Pamphlets  cover  a  wide  range  of  rather  specific  subjects  such  as 
personal  affairs,   voting,   safety,   first  aid,  and  military  and  dependents'    information  on 
overseas  areas. 

Th-:>  regulation  that  covers  heating   is  AFR  91-7,   Heating,  and  the  manuals  that  cover 
heating  are  AFM  85-12,  Volume  I,  Operation  and  Maintenance  of  Central  Heating  Plants  and 
Distribution  Systems;   and  AFM  85-12,  Volume  II,  Operation  and  Maintenance  of  Space 
Heating  Equipment  and  Systems,   and  Process  Heat  Utilization. 


SUMMARY  , 

Today,  you  have  had  a  brief  but  complete  orientation  into  the  Heating  Systems 
Specialist  course   including  all  school  policies  and  regulations.     These  policies  and 
regulations  will  be  followed  to  the  letter  and  if  not,  disciplinary  action  will  be 
taken. 

Civil  engineering  organization  was  also  covered  including:     groups,   squadrons,  work 
identification,  work  authorization,  and  management  and  utilization  of  material 
resources. 

Related  career  ladders  in  the  54   (mechanical/electrical)   career  field  were 
discussed  and  the  duties,  responsibilities  and  progression  of  AFSC  545X2. 
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The  principles  and  objectives  of  ground  safety  were  discussed.  Also  discussed  wore 
Air  borce  safety  directives,  use  of  proper  personnel  protective  equipment,  and  first  aid 
procedures.  ^ 

Technical  Orders  ar<*  published  by  the  Air  Force  to  furnish  personnel  with 
instructions  for  the  operation,  maintenance,    inspection  and  overhaul  of  equipment. 

QUESTIONS 

1.  What  is  the  main  objective  of   the  J3ABR54532  001  course? 

2.  What  organization  will  you  most  likely  be  assigned  to  after  graduation  from  this 
course? 

3.  How  many  Air  FoiTce  specialties  are  in  the   (54)   mechanical/electrical  career  field? 

4.  What  is  the  number  and  title  of  the  Air  Force  publication  that  has  your  Air  Force 
specialty  description? 

5.  Name  four  types  of  personnel  protective  equipment  used  in  the  heating  field. 

6.  Which  TO  will  explain  the  TO  system? 

7.  What  type  information. is  found  in  AFRs? 

8.  What  type  information  is  contained  in  AFMs?  ^ 
REFERENCES 

1.  AFR  39-1,  Airman  Classification  Regulation 

2.  AFR  85-1,   Resources  and  Work  Force  Management 

3.  TO  005-1,  Air  Force  Technical  Order  System 

4.  AFR  0-2,  Numerical   Index  of  Standard  and  Recurring  Air  Force  Publications 

5.  TO  0-1-01,  Numerical  Index  and  Requ irement . Tables 
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SG  J3ABR54532  001-1-4 


PIPE  FITTING 

OHJKCriVI-: 

The  objective  of  this  unit  of   instruction  is  to  aid  you  in  constructing  a  piping 
system. 

INTRODUCTION 

Different  types  of  pipes  and  fittings  are  used  in  the   installation  of  a  heating 
system*     Each  type  of  pipe  or  fitting   is  made  for  a  specific  use,   depending  on  the 
installation  and  its  requirements.     Some  pipes  and  fittings  are  made   in  different 
weights  and  strengths  for  use  in  g^-avity  or  pressure  systems.     In  either  case  they  ace 
madG  so  that  they  can  be   installed  to  provide  watertight,   gastight  or  airtight  joints. 
Many  materials  are  available  for  cse  in  installing  permanent  heating  systems.  Among 
those  comnvonly  used  are  iron,   steel  and  copper.     Plumbing  and  heating  practices  and  the 
physical  characteristics  of  these  materials  are  the  basis  for  establishing  specific  uses 
for  each  type  of  pipe  or  fitting. 

It  is  important  for  the  heating  mechajnic  to  have  a  good  knowledge  of  fitting  iron, 
copper  and  steel  pipe.     First,   he  must  study  his  blueprints  and  plan  his  jot   so  that  the 
proper  materials  and  equipment  for  the  job,  will  be  procured.     The  loss  of  txme  and 
materials  can  be  prevented  if  the  correct  fittipgs  are  procured  first.      .  good  mechanic 
will  always  prepare  a  checklist  to   insure  that  the  proper  tools  and  equipment  are  on 
hand,   and  also  that  the  job  \s  properly  planned  before  it  is  started. 

INFORMATION 

Pipe 

Purpose  of  Pipe 

A  pipe  for  plumbing  purposes  is  a  hollow  cylinder  used  for  conveyanc>3  of  liquids  or 
gases  and   is  usually  threaded  at  the  ends  for  coupling.     Pipe   that  is  used  by  the 
heating  specialist  is  measured  by  the  inside  diameter. 

Types  of  Pipe 

BLACK  IRON   (UNCOATED) .     Black  iron  is  composed  of  mi.ld  steel  mixed  with  cast  or  pig 
iron.     This  type  of  pipe  is  most  commonly  used  by  the  heating  field.     It  is  used  for 
compresseci  yases  (air,  gaseous  fuels),   steam  and  condensate  returns,  and  oil.  However, 
it  is  not  recommended  for  sewer  lines  due  to  rust  and  stoppage. 

STKEL.     Steel  pipe  is  a  composition  of  scrap  iron. 

GALVANIZED   (COATED) .     Coated  pipe   is  either  black  iron  or  steel  pipe  that  has  been 
dipped  in  a  zinc  bath  solution.      It  is  used  for  hot  and  cold  water  distribution,  drain 
lines.     It  is  not  normally  used  for  natural  gas  lines  due   to   flaking  action  of   the  zinc 
coating • 

Sizes  of  Pipe 

Sizes  of  pipe  that  you  may  work  with  are:     1/8",   1/4",   3/8",   1/2",  and  3/4",  1", 
l-«l/4",   1-1/2",   2",    2-1/2",   3",   3-1/2",   4",    5",   6",   8",   10"    and  12". 

However,   the  most  common  sizes  are:     3/8",  1/2",   3/4",   1",  1-1-4",  1-1/2"   and  2". 
The  average  length  of  each  piece  of  pipe  furnished  the  Air  Force  is  21  feet. 

Classes  of  Pipe 

There  are  three  classes  of  pips  used  for  heating  systems: 

  Standard  Weight   (125  psi). 


Extra  Strength   (250  psi). 
Double  Extra  Strength   (600  psi). 


Pipe  Fittings  and  Their  Use 

Pipe    fittings  are  measured  by   inside  diameter  and  the   size   is  proportionate   to  the 
outside  diameter  of  the  pipe.     Example:     a  1/2"    fitting  will   accommodate  a  1 pipe 
although  the   inside   diameter  of  the    fitting  may  be  3/4*'.      Pipe    fittings  are  fabricated 
in  malleable   iron   for  use  with  steel   pipe   and   in  blaick  iron  or  galvanized.      Fittings  fbi 
brass  pipe  are  plain  or  chrome. 

Types  of  Fittings 

Following   are   types  of  p : pe   iittings  that  you  as  a  heating   specialist  may  be  using 
at  some  time.     See   Figure  3. 

ELBOWS 

  Female   threads  (inside) 

  90  degree    (makes  a  90-degree  change   in  direction) 

.    45  degree    (makes  a  45-degree  chan9e   in  direciton)  # 

  90  and  45  degree   street  elbows 

  One    female  and  one  male  thread 

  Allows   for  close  installation  of  fittings 

  Eliminates  a  pipe  nipple 

  Reduce  elbow 

  90  and  45  decrees 

  Two   female  threads 

  Used   to  reduce   from  one   size   to  another 

TEES 

^         Three   female  threads 

  Used   to  pick  up  a  branch  run  at  a  90-degree  angle 

  Reducing  tees 

  Used  to  couple  three  lines  of  different  sizes 

  Service  tee 

  Two   female  and  one  male  thread 

  For  close  installation. 

  Eliminates  use  of  a  nipple 

CROSS. 

  Four   female  threads 

  Four  outlets  90  degrees  apart 

 Used  on  most  steam  boil er s  below  and  above  water  column 
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Figure  3.     Typea  of  Pipe  Fittings 
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UNIONS 

  Ground   joint  or  machined  face 

  Two  female  threads 

 Eases  removing  or   installing  a  sect '.on  of  pipe  or  equipment 

COUPLINGS 

  Female  threads 

  Joins  straight  runs  of  pipe 

  Straight  or  plain  coupling 

  Furnished  with  each   length  or  pipe 

  Serves  as  a  thread  protector 

NIPPLES 

  A  piece  of  pipe   less   than  12"   long^    threaded  on  both  ends 

  Close  nipple  (all-thread) 

  Threaded   full  length 

  Short  nipple  (shoulder) 

  Threaded  both  ends  with  a  shoulder  between 

  Long  n  ipp 1 e  s 

  Two  to  twelve   inches  long 

  Nipples  are  used  where  short  pieces  of  extensions  of  pipe  are  required 

PIPE  PLUG 

  Male  thread  on  one  end  only 

  Square  or  hexagon  head 

 Used  to  cloiae  off  an  opening  in  a  valve  or  fitting 

PIPE  CAP 

  One  female  thread 

  Used  to  close  off  an  opening  on  a  piece  of  threade '  pipe 

REDUCERS 

  Bushing 

  One   female  and  one  male  thread 

  Used  to  reduce  size  of  an  opening   in  a  valve  or  fitting 

  Read   largest  male  thread  end  first 
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Del  I  reducer 


Two  female  threads 

Used  to  make  reduction  in  run  of  pipe 

Measurinq,   Cutting,   Reaming^  Threading   and  Fitting  Pipe 


Measuring  Pipe 

There  are 
oO  measuring  s 
are  encj- to-end 
to-center  meas 
measurements^ 
End-to-end  mea 
one  end  of  pip 
ing  the  thread 
ments  are  used 
screwed  on  one 


several  different  methods 
teel  pipe.     Among  these 

measurements,  center- 
urements  and  end— to-center 
as  indicated  in  Figure  4. 
surement  is  measuring  from 
e  to  the  other  end  i nclud- 
s«  End-to-center  measure- 
when  a  pipe  has  a  fitting 
end  only. 


Center-to-center  measurement  is 
from  the  center  of  the  outlet  on  one 
endr  along  the  pipe  to  the  center  of  the 
outlet  on  the  other  end.     You  must 
always  remember  the  length  of  the  thread 
on  the  pipe  and  the  center  measurement 
of  the   fittings  to  be  used  must  be 
considered  when  determining   the  length 
to  cut  a  pipe. 

Cutting  Pipe  by  Hand 

After  the  pipe  has  been  measured 
and  marked,    it  should  be   inserted   into  a 
pipe  vise  where  it  is  held  for  the 
cutting  operation.     Figure  5.   shows  a 
piece  of  pipe  in  a  vise  ready  to  be  cut 
with  a  pipe  cutter.     To  cut  pipe  with  a 
pipe  cutter,   open  the  jaws  of  the  cutter 
by  turning   the  handle  counterclockwise. 
Then  place  the  pipe  cutter  around  the 
pipe  at  the  mark  where  the  cut  is  to  be 
made.     One  revolution  must  be  made 
around  the  pipe  to  make  a  complete 
cutting  mark  before  turning  the  handle 
clockwise  again  to  cut  the  pipe  deeper. 
If  this  is  not  done,  the  pipe  cutter 
will  make   spiral  marks  around  the  pipe 
instead  of  marking  one  complete  circle. 
Figure  6   shows  a  pipe  cutter  ready  to 
make  the   first  turn  on  the  pipe  to  be 
cut . 

Pipe  Cutters 

Pipe  cutters,  as  shown  in  Figure  6, 
are  available  in  several  sizes.  The 
size   is  usually   indicated  on  the  frame 
of  the  cutter.     A  pipe  cutter  with  a 
range   from  1/8  to  2   inches  will  handle 
most  requirements  on  the  job.  Cutters 
for  pipe  over  2   inches   in  diameter 
usually  have  two  handles  to  allow  two 
men  to  rotate  the  cutter  on  the  pipe.  As 
for  maintenance,  keep  the  wheel  pins  and 
the  threads  on  the  shaft  of  the  handle 
wel?.  oiled.     When  the  cutting  wheel 
becomes  dull,  you  should  replace  it  with 
a  new  wheel. 
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Figure  4.     Determining  Pipe 
Measurements 


PIPE 


PIPE  VISE 


Figure  5 .     Pipe  Vi se 
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Figure  6.     Pipe  Cutter 


Figure  7.     Cutting   a  Pipe  with  a  Pipe  Cutter 

WHBBL  AND  ROLL  TYPE.     This  type  consists  of  a  cutter  wheel  and  two  rollers.  The 
wheel  and  roll   type  requires  a  360-degree  rotation  around  the  pipe   to  cut   It.  After 
each  rotation,   the  handle  should  be  given  a  1/4  turn. 


THREE-WHEEL  TYPE.     This  type  of  cutter  has  three  cutting  wheels.     It  requires  on. 
a  180-degree  rotation  when  cutting  a  pipe.     Three-wheel  type  pipe  cuters  can  be  used 
where  a  full  rotation  is  not  possible. 

COMMON  SIZES  OF  CUTTERS.     Common  sizes  of  cutters  are: 


No.   1  1/8"   to  1"  pipe 

No.   2  1/8"   to  2"  pipe 

No.   3  2"   to  4"  pipe 


Reaming  Pipe  by  Hand 

The  burr  is  removed  from  the  end  of  the  pipe  with  a  pipe  reamer.  This  operation 
accomplished  by  inserting  the  pipe  reamer  into  the  pipe  while  the  pip^  is  still  clamp 
in  the  vise.  The  handle  on  the  reamer  is  rotated  clockwise  in  short  even  strokes  unt 
the  burr  on  the  inside  of  the  pipe  bas  been  completely  removed.  Two  types  of  reamers 
are  shown  in  Figure  8. 


Threading  Pipe  by  Hand 

A  stock  and  die  sot  of  the  nonad justable  ratchet  t^pe  taay  be  used  to  c:ut-  threads 
pipe  by  hand.     The  nonad j ustable  ratchet  dies,   sh^  Mi  i]\  Figure  9  can  be  u^ieU  to  cut 
threads  on  pipe   from  1/8-inch  to  2   Inches  in  uiametet   by  changing   to  the  correct  size 
die. 
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F  ig  ur e  8 .     P  i  pe  Re  ame  r s 

Before  threading  a  pipe,    inspect  the  dies  to  see  that  they  are  sharp  and  free  from 
nicks  and  wear.     Next,    insert  the  piipe  into  the  vise,  place  the  round  guide  end  of  the 
pipe  die  stock  on  the  pipe  as  shown  in  Figure  10  and  oil  the  end  of   the  pipe.     Push  the 
pipe  dies  against  the  pipe  with  the  heel  of  the  hand.     Exert  considerable  pressure  with 
the  heel  of  the  hand  against  the  pipe  die  stock  and  take  three  or  four  short  clockwise 
strokes,  with  the  handle  of  the  die  stock,    to  start  the  thread  cutting  operation.  After 
the  dies  have  started,  continue  with  clockwise  strokes  on  the  handle,   as  shown   in  Figure 
11,  with  an  even  and  steady  pressure  reverse  the  rotation  after  each  three  threads  are 
cut  to  clean  the  dies,   until   approximately  two  threads  project  beyond  the  head  of  the 
die  • 

NOTE:     To  cut  clean  threads   for  watertight  and  airtight  joints,   and  to  ensure  long 
life,   the  pipe  threading  dies  must  be  oiled  after  each  stroke  with  a  good 
grade  of  pipe  thread  cutting  oil.     The  oil  prevents  overheating  and  chippinc 
of  the  dies  and  marring  of  the  threads. 

When  the  proper  number  of  tlireads   is  cut  on  the  pipe,   reverse  the  ratchet  on  the 
die  stock  for  counterclockwise  operation  and  make  several  short  motions  backward  with 
the  handle  of  the  stock  to  loosen  the  burrs  which  are   inside  the  dies.     Continue  to  tun 
the  handle  of  the  stock  counterclockwise  until  the  dies  are  f:ree  of  the  threads. 

CAUTION:  Many  mechanics  have  a  habit  of  spinning  the  pipe  die  stock  rc*pidly  to 
speed  the  removal  of  the  dies   from  the  pipe.     While  this  may  not  be 
injurious  to  the  pipe  thread,   extreme  care  must  be  exercised  when  spinning 
the  stock  to  prevent   it  from  striking  the  legs  of  the  vise  or  causing  an 
injury  to  the  mechanic. 

PIPE  WRENCH.     The  pipe  wrenches  range   in  size  from  6  to  60  inches.     The  offset 
wrench  may  be  as  long   as  36   inchest      (See  Figure  12.)     Pipe  wrenches  are  used  for  { 
turning  pipe  and  round  rod.     Pipe  wrenches  should  not  be  used  on  nuts,  bolts,   and  smooti 
fittings.     The  size  of   these  wrenches   is  designated  by  their  overall  length.  For 
example,   an  18-inch  wrench  has  a  handle  of  1-1/2   feet  long  and  handles  pipe  up  to  2 
inches   in  diameter. 

MONKEY  WRENCH.     The  monkey  wrenches  are  used  on  smooth,    flat  fittings.     Extra  care 
must  be  used  when  working  with  these  wrenches  because  of  the  wrench  slipping  off  the 
fitting.     Ensure  a  firm  grip,   and  a  good  center  of  balance  of  your  body  is  maintained 
when  working  with  these  wrenches.     Monkey  wrenches  are  made  in  two  sizes  and  inches. 
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Figure  12.     Pipe  Wrenches 


When  using  a  pipe  wrench  be  sure  that  the  teeth  on  the  jaws  are  clean  and  sharp. 
When  the  teeth  become  dull,  they  can  be  sharpened  with  a  file.  When  they  become  worn 
out,   they  can  be  replaced  by   inserting  a  new  hook  jaw  and  a  heel  jaw. 

The  housing  or  main  body  of  the  wrench   is  made  very  strong  and  will  stand  tremen- 
dous strain,   but  DO  NOT  use  a  pipe  extension  on  the  handle;    use  a  larger  wrench.     Only  a 
pipe  wrench  that  is  in  good  condition  should  be  used.     If  you  cannot  get  parts,  the 
wrench  should  be  taken  out  of  service   immediately.     Keep  the  threads  on  the  hook  jaw  and 
nut  cleaned  and  oiled. 

NOTE:     Never  use  pipe  wrenches  on  square  or  hexagon  shaped  objects. 
Joining  Threaded  Pipe 

Before  assembling  a  section  of  pipe  with  a  fitting,   clean  chips  with  dirt  from  the 
threads  of  both  items  with  a  stiff  bristle  or  wire  brush.     Then  inspect  the  threads  to 
determine  that  they  are  clean  and  properly  cut.     Coat  the  male  threads  of  the  pipe 
evenly  with  pipe-joint  compound  or,    if  this   is  not  available,  white  lead  may  be  used. 
Figure  13    illustrates  the  application  of  pipe  compound  to  a  pipe.     Start  the  fitting  on 
the  male  thread  of   the  pipe  by  hand,  exercising  care  not  to  cross  the  threads.     Apply  a 
pipe  wrench  to  the   fitting  and  tighten   it  on  the  pipe  until   the   joint  is  made  up  to  the 
desired  degree  of   tightness.     The  pipe  wrench   should  be  placed  on  the  shoulder  of  the 
fitting  which  is  on  the  end  of  the   fitting  being  connected.      If  the  wrench  is  applied  to 
any  other  part  of   the  fitting,  distortion  of   the  fitting  may  be  caused  and  result   in  a 
leaking   joint.     Generally,   two  wrenches  are  neev^ecJ  to  assemble  pipe,  one  on  the  pipe  and 
the  other  on  the  fitting    (see  Figure  14.). 


EXCESS  PIPE  COMPOUND  MAY 
BLOCK    Disc  OFF   VALVE  SEAT 


LOOSE  CHIPS 


OF  PIPE  COMPOUND 


WRON?5  K 


RIGHT 


Figure  13. 


Applying  Pipe  Compound  to  a  Pipe 
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NOTE:     There  are  several  reasons    Cor   using  pipe   joint   compounds.      It  may  bo   used  as 
a  sealing  a»jent,   a  corrosive  protective  acjent  or  as  an  anti-seize  compound. 
The  anti-soize  com^xjund    is   used   in  case   the   joints  must   lator  be 
disassembled. 


^  Figure  14.     Using  Two  Wrenches 

Valves  Used  in  Heating  Systems 

Dae  to  the  number  of  valves  which  appear   in  heating   installations,   a  thorough 
knowledge  of   the  maintenance  and  repair  of   these  valves  is  necessary.      Inspection  of  any 
valve  consists  of  close  examination   fOL'  visible  wear  a»'.J  breakage  •     Valves  are  used  in 
piping  systems  to  regulate  or  control   flow   in  the  pipes. 

Identification  of  Valves 

Following   information  is  to  help  you  to   identify  valves  as   to  size,   threads  and 
markings • 

SIZE.     Measured  by   inside  diameter. 
THREADS.     Two  female  threads. 
BODY  MARKINGS 

  WOG  -  Water,   oil  or  gas 

  WSP  -  Working   steam  pressure 

  Safety  precautions  to  be  observed  when  installing  valves 

  Unmarked  valves  (brass) 

  Can  be  used  for  maximum  of  125#  psi  or  450**   F  temperature 

  Some  valves  have  arrows  stamped   in  the  body,    install   in  the  proper  direction. 


The   following   information  will  help  you   identify  Vc^lves  already  installed  in  the 
piping   systeir*.     The  length  of  valve  bonnet  will  determine   if  valve   is  a  rising  stem  or 
non-rising  stem.     Short  bonnet  indicates  a  non-rising  stem,    long  bonnet   indicates  risintj 
stem.     The  shape  of  valve  body  will  determine   if  valve   is  a  <jate  or  a  globe  valve. 
Valves  with  fiat  srdes  are  gate  valves,*  valves  with  rounded  sides  are  globe  valves. 

Types  of  Valves,   Their  Repair  and  Maintenance 

GATE  VATjVE.     a  gate  valve  is  one  of  the  most  used  valves.     A  gate  valve   is   illus-  i 
tratjd  in  Figure  15  and  contains  a  sliding   disc  which  moves  vertically  and  seats  between 
and  against   two  seats  to  .*:iiut  otf   the  flow. 
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Figure  15,     Gate  Valve  ' 

A  threaded  stem  is  used  to  lift  or  lower  the  disc,   to  open  or  close  the  valve.  The 
volume  of   flow  through  the  valve,   however,   is  not   in  direct  relation  to  the  number  of 
turns  of  the  handwheel.     Gate  valves  have  either  a  single,    solid  wedge-shaped  disc  or 
valves  may  be  provided  with  either  rising  stems  or  nonrising  stems.     See  figures  16  and 
17,     Gate  valves  are  used   for  services  where  the  valve  is  kept  either  fully  opened  or 
fully  closed.     To  prevent  binding,   this  type  valve  should  never  be  overtightened. 


Figure  16.     Nonrising  Steam,  Wedge 
Disc  Gate  Valve 


Figure  17. 


Rising  Stem ,  V^edge 
Disc  Gate  Valve 
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Gate  valve   leaks  may  occur  at  the  valve  seat,    around  t>ie  stuffing  box  aiul   at  the 
body-bonnet   joint.      Repairs   should  be  made  at   the   first   sign  of  a    leak.      Tightening  a 
leaking   joint  will  often  correct  the  condition.      Other   remedies  are  the   replacement  of 
gaskets  or  renewable  parts,    repacking  stuffing  boxes,    and  regrinding  valve  seats. 


The  stuffing  box  ho 
stem   (See  Figure   16  and 
gland   flange,    which  bear 
relation  to  service  cond 
and  turning  motion  of  th 
little  attention.  Stuff 
packing  nut  or  gland  of 
the  bolts   evenly,  since 
remedied  by   tightening  t 


Ids   the  packing  wh 
17).      Pressure  is 
s  on  a  gland  in  th 
i tion .      It   loses  1 
e  valve  stem.  Gen 
ing  box   leaks  can 
the   valve.      On  bol 
cocking  wi 11  bind 
he  packing  nut,  th 


ich  seals   the  bonnet   against   leaks  around  the 
applied  on   the  packing  by  a  packing   nut  or 
e  stuffing  box-      Packing  wears   in  direct 
ife  with  age,    but  wear   is  mainly  due   to  rising 
erally,   packing   lasts   a   long  time  and  needs 
usually  be   stopped  by  ticjhtenintj  down  on  the 
ted  glands,    care  must  be   exercised   to  tighten 
the   stem.      If  a  stuffing   box  leak   cannot  be 
e  packing  must  be  replaced . 


Inability   to  close  a  valve   tightly   is  an  indication   of  a  valve  seat   leak.  Trouble 
of  this   sort   is   usually  caused  by  scale,   metal  particles  or  other   foreign  matter   in  a 
line.      Occasionally,    it  comes    from  a  cut   in  the   seat  or   disc  caused  by  a  high  velocity 
flow  of   fluid   through  a  limited  area  where  the  valve   is   not   fully  closed.     When  valve 
seat   leaks  occur,    the  seat  and  disc  may  be  repaired  provided  the  damage   is  not  too 
extensive.      If  the  disc   is  made  of  soft  metal,    it  may  be   refaced    (lapped)   by  using  a 
mixture  of  oil  and  lapping  compound  on  the  machined  surface  as  an  abrasive   to  replace 
the  disc.      By  Msing  a   figure   eight  motion,    the   two  surfaces   are   lapped  thru   to  each 
other. 


Gate  valves   are  available   in  many  styles  and  sizes.      Tliey  are  designed   to  meet  all 
needs   from  low  pressures  to  high  pressures.     They  are  manufactured  to  receive  screwed, 
welded,    sweated  and   fl.-^'^      '  oiping. 


The   larger   the  val 


:Lhe  more  complex  the   repair  will  become- 


GLOBE  VAliVE.      A  globe   valve,    as   ilustrated   in  B'igi^re   18,   has   a  horizontal 
partition  which   shuts  off  the   inlet  from 
the  outlet,    except  through  an  opening  in 
the  partition    (See  Figures   19  and  20). 
The   lower  end  of  the  valve  stem  holds  a 
replacement  fiber  or  metal  disc  shaped 
and  fitted  to  close  the  hole   in  the 
horizontal  partition.     The  valve  is 
closed  by  turning  the  handwheel  clock- 
wise until   the  disc  presses   firmly  on 
the  opening.      The   volume  of   flow  through 
globe  valves   is   roughly  proportionate  to 
the  number  of  turns  of  the  handwheel. 
Globe   valves  may  be  provided  with  either 
flat  or  beveled  seats,    depending  upon 
the  type  of  disc . 


interior 


The  plug-type  disc  consists  of  a 
tapered  plug  which  provides  a  wide  area 
of  seating   contact.      This   type  of  valve 
seating  provides  a  very  effective  means 
of  flow  control  and  offers  high 
resistance   to  the  cutting  effects  of 
dirt,    scale  and  other   foreign  matter. 

A  conventional  disc,   which  forms  a 
relatively  narrow  contact  with  the  '-alve 
seat,    provides  a  more  positive  and 
higiher  pressure  contaci   than  a  wide 
seat.    The  thin   line  co.tact  breaks  down 
hard  deposits  that   fonz  on   valve  seats 
and  insures   a  pressure- tight  closure. 
The  conventional   disc   is  made   in  several 
seating   styles,    such  as   flat  seating, 
ball   seating,    and  with  seating  surfaces 
havi  -Q  varying  de_,  oiper  (see 

Figure  19). 


WHEEL 


PACKING  NUT 


BODY 


Figure   IB.      Globe  Valve 
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A  composition  disc  operates  on  the 
principle  of  a  cap.      Its   face  seats 
againnt  or    Into  the  valve  openin«3 .  Most 
composition  discs  consist  of  three 
parts:     a  metal  disc  holder,    the  disc 
itself/    and  a  retainer   nut.      The  main 
advantage  of  a  composition  disc  is  the 
variety  of  disc  materials   available  for 
individual  services  such  as   air,   hot  or 
cold  water,    gas,    oil,    gasoline,  and 
other  applications.     Globe  valve  leaks 
occur  at  the  same  points   as  they  do  on 
gate  valves.      (See  Figure  20.) 

When  valve   seat   leaks  are  found  in 
plug  type  or  conventional   discs,  the 
valves  can  be   repaired  by  removing  the 
disc,    inserting  a  washer   under  it,  then 
lapping  to  make   a  snug  fit. 

Valve  seat   leaks   in  composition 
disc  globe  valves  are  corrected  by 
replacement  of  the  disc      If  the  seat  is 
severely  pitted,    the  entire  valve  should 
be   replaced . 

Stuffing  box   leaks  are  corrected  in 
the   same  manner   as    for   gate   valves.  If 
tightening  the  packing  nut  does  not  stop 
the   leak,    replace  the  packing. 

CliECK  VAX.VES.      A  check  valve  as 
illustrated  in  Figure   21   is   used  when  it 
is  necessary  to  control   the   flow  in  one 
direction  only.      Fluid   flow   in  the 
proper  direction  keeps   the  valves  open 
and  reversal   flow  closes  tliem  automa- 
tically  (see  Figures   22  and  23).  For 
installation  purposes,   most  check  valves 
are  marked  to  indicate  the  inlet  opening 
or  ilirection  of   flow.     There  are  two 
basic  types  of  check  valves:  swing 
check  valves   and   lift  check  valves. 
Each  type  has   several   variations  that 
make  them  suitable   for  specific  plumbing 
installations.     A  swing   check  valve 
should  be  used   in  conjunction  with  a 
gate  valve  and  a   lift  check  valve  with  a 
globe  valve. 

Swing   check  valves   contain  a  hinged 
disc  which  seats   against  a  machined  seat 
in   the  tilted  bridge  wall  opening  of  the 
valve  body   (See   Figure  22).      This  disc 
swings  freely  on  its  hinge  pin  in  an  arc 
from  a  fully  closed  position  to  one 
parallel  with  the   flow.      The   fluid  or 
gas  in  the  pipeline   enters  below  the 
disc     Line  pressure  overcomes  the 
weight  of  the   disc  and   raises  it, 
permitting  a  continuous   flow.      If  the 
flow  is   reversed  or  back-pressure  builds 
up,    this  pressure   is   exerted  against  the 
disc,    forcing   it   to  close  and  stop  the 
flow. 


BODY 


Figure   19,      Globe  Valve, 

Conventional  Disc 
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Figure  20.     Globe  Valve, 

Composition  Disc 
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Lift  check  valves  contain  a  disc 
which  seats  on  a  horizontal  bridge  wall 
in  the  valve  body   (see   Figure   23).  The 
disc    is  raistjd    from  its   seat  by  the 
pressure  of  the    fluid    flow  and  moves 
vertically  to  open.      To   insure  proper 
seating  and  rising,    the  disc    is  provided 
with  short  guides,    which  are  usually 
above  and  below  the  disc  .     The   valve  is 
closed  by  back  flow,   or  by  gravity  when 
there   is  no  flow. 

Check  valve   leaks  occur  due  to 
sticking  parts  or  pitted  ve\ve  scats. 
To  operate  properly,    the  valve  disc  must 
fit    firmly   in  its   seat.      Valve   seats  can 
l)e  r  eg  round  with  a  reseating   tool  or  by 
iapp  ing . 

ANGLE   GLOBE  VALVES.      Angle  globe 
valves  are   similar   in  construction  and 
operation  to  globe  valves,    except  that 
the  valve  outlet   is   at  an  angle  of  90 
degrees  to   the   inlet.      The   same  repair 
procedures  as  used  on  globe  valves 
should  be    followed     (see  Figure  24). 
This  type  of  valve  is  used  on  radiators 
or  convec  tor  s • 

PLUG  VALVES.      Plug   valves  have  a 
circular   taperf*d,   ground  plug    fitting,  a 
tapered  hole  or   seat   (see  Figure  25). 
An  opening   through  the  plug  permits  the 
passage  of   fluid  throu'jh  the  valve  when 
the  opening   is  aligned  with  the  pipe- 
line.     Plug  valves  may  be  completely  and 
quickly  opened  by  a  one- quarter   turn  of 
the  handle  and  do  not  have   soft  packing 
which  tends  to  wear . 

Leaks   in  plug   valves  can  usually  be 
corrected  by  cleaning  or  by   adding  a 
special   lubricant.     The   lubricant  makes 
it  easier   to  turn   the   valve  and  also 
seals  the  points  where   the  plug   does  not 
seat  perfectly.      If  the   valve   seat  is 
severely  pitted,    the   entire  vaive  must 
be  replaced. 


Figure  21,     Check  Valve 


 Q]  
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Figure  22.      Swing  Check  Valve 
W  i  th  Brass  T  ^  1 sc 
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Figure  23,  Lift  Check  Valve 
Wi  th  Compos  it  i  on  Di  so 
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Figure  24,     Angle  Globe  Valve 
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SUMMARY 


Cuttintj,    reaming   and  threading  pipe  are  common  operations  performed  daily  by 
heatincj   specialists.     These  operations  may  be  accomplished  either  by  hand  or  with  power 
too I s . 

Pipe  may  be  cut  either  by  use  of  a   standard  pipe  cutter  or  a  hacksaw.     Cutting  pipe 
with  a  pipe  cutter  is  preferred  method.      Cutting  with  a  pipe  cutter  will  cause  a  burr  to 
form  on   the   inside  of  the  pipe.     This  burr  must  be  removed   since   it  hinders  the   flow  of 
liquids  and  causes   stoppages.     The  reamer   is  a   fluted  unit  which  is  placed  in  the  end  of 
the  pipe   and   turned  clockwise.     The   turning  action  cuts  off  the  burrs. 

After    the  pipe  is  reamed  it   is   ready  to  be  threaded.      Pipe  may  be  threaded  by  the 
use  of  various   types  of  threaders.     Threading  may  be  accomplished  with  either  hand  tools 
or  power   tools.     The  pipe  must  be  held  rigidly  in  a  pipe   vise  and  the  dies  properly 
placed  on   the  pipe  and  turned  clockwise   to  make  a  good  thread.      Plenty  of  cutting  oil 
should  be  used  during   the   threading  operation  to  keep  the  die   segments  cool  and  prevent 
them   from  chipping.     A  sufficient  number  of  threads  have  been  cut  on  the  pipe  when  about 
two   threads  extend  beyond  the  die  segments. 

To  obtain  a  tight  threaded   joint,    it  is   important  that  the   threads  be  clean  and  in 
good  condition.      If  the  pipe  or   fittings  have  been  exposed   to   the  weather  or  banged 
around,    see   that  the   threads  are  checked  very  carefully.      If  necessary,    run  a  tap   in  or 
die  over   the   threads   to  redress   those   that  are  damaged. 

Cleaning   the   threads  by  brushing   is  a  good  start  in  making   this  joint  after  you 
l^ave   secured   the  pipe   in  a  vise.     Next,    smear  a  good  thread   lubricant  on  the  male 
threads.      Uae  red  lead  or  white   lead   for  water  pipes,    and  mixed  powdered  graphite  p.r.cl 
oil    for   steam  pipes.     This  "pipe  dope"    is  not  used  inside  the  fitting. 

Start    the    fitting  by  hand  and   turn  it  up  as  far  as  you   feel   it  will  go.  Then 
tighten   it  with  a  pipe  wrench.      Do   not  use  a  hickey,   or  oversized  wrench,   or   too  much 
pull.     Not  all  of  the  male  threads  need  go   into  the   joint.     If  all   the   threads  are  used, 
the  wedging   action  of  the  tapered  thread  may  cause  the    fittings   to  split. 

Experience   is   the  best  teacher   in  determining  how  tight  a   joint  should  be. 
Usually,   you  will  have  two  or   three  unused  threads  on  a  properly  threaded  pipe.  If 
these   steps  are    followed,    and  the  threads  have  been  made  properly,    the   joint  will  be 
tight  enough  to  withstand  the  pressure    for  which  the  pipe   and   fittings  were  made. 

QUESTIONS: 

1.  What  is   the  most  common  type  of  pipe   used  in  the  heating  field? 

2.  What  type  pipe   should  be  used    for   natural  gas  lines? 

3.  Wliat  are  the  most  common  si^es  of  pipe  used? 

4.  What   fittir>g  picks  up  a  branch  line  at  a  90-degree  angle? 

5.  What   fitting   is  used  to   join   straight  runs  of  pipe? 

6.  What  is  a  piece  of  pipe  less  than  12"   long  called? 

7.  What   is   the  maximum  pressure   that  an  unmarked  valve  may  be  used  with? 

8.  How   should  you  prevent  binding  of  a  gate  valve? 

9.  What  must  be  done  to  a  globe  valve   if  the   seat  of  a  composition  disc   type  is 
severely  pitted? 
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10*     What  are   the  two  basic   types  of  check  valves? 

11.  An9le  glove  valves  are  repaired   in   the   same  manner   as  what  other   type  of  valve? 

12.  How  do  you  measure  pipe  length?- 

REf KRENCES 

I.     AFM  85-20,  Plumbing. 


{ 
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Reinforced  thermoso  tt  i.  n<j   pipe  umst  bu  liandleO  with  a  reasonable  amount  of  care, 
because  of  daf\o<je   to  pipe  wall   a  nil  fittirvjs. 

The    following    cecomuiendat ions   should  be  observed   in  order   to  protect   the  pipe  from 
possible  (iama<je- 

PHANSPORTATION 

L-        bet   the    factory  aitanyement  of  the  pipe  be  your  yuide    foi"    the  correct  supporting 
and  spacing    in  rearranging    for  transport. 

NOTK:      Don't   let  the  pipe   rest  on  the    floor  of  the   truck  where  nails,    studs,  and 
other  objects  might  damage  it, 

2-        l->ipe   should  be   securely   fastened  directly  over   the   .spacing  and  padding   with  tie  | 
downs  consisting  of  nylon   straps  or   man i la  ropo. 

3.  Avoiii  extending    the  pipe  iTK^^re   than  3   ft.   beyond   the   truck  or   trailer  bed  because 
permanent  damage  can  result   from  excessive   flexing - 

4.  Pipe   is  a  light  load,    avoid   fast  speed  or   rough  roads  to  minimize  bouncing. 
uOADING   AND  UNLOADING 

!•        Pipe  and    fitting    should  never  be   thrown  or   dropped  under  any  circumstances. 


2-        The  pipe   should  be  carefully   loaded  and  unloaded  one   length  at  a   time,    by  hand. 
See  Table  #2- 

3.        If  the  pipe   is  properly  separated  and   supported,    fbrklifts  can  be  used.     See  Table 
#2. 


TABLE  2 


PIPE 

WKIGIIT  PER 

WEIGHT  PER 

WEiGHT  PER 

DI AMETKR 

FOOT 

20   FT  LENGTH 

42   FT  LENGTH 

2  in. 

0 

.5  lb 

(0.23  kc;) 

10   lb   (4. 5  kg) 

21    lb   (9.5  kg) 

3  in. 

0 

.7  lb 

(0.32  kg) 

14   lb    (6. 4  kg) 

29   lb   (13.0  kg) 

4   in . 

I 

.  0  lb 

(0.45  kg) 

20   lb   (9.1  kg) 

42   lb   (19.0  kg) 

6  in. 

I 

.7  lb 

(0.77  kg) 

34   lb   (15.0  kg) 

71   lb   (32  kg) 

8   in  . 

3 

.  3  lb 

(1.5  kg) 

66  lb   (30  kg) 

139   lb   (63  kg) 

\0  in. 

4 

.B  lb 

(2.1  kg) 

94   lb    (43  kg) 

197    lb    (89  kg) 

1 2  in. 

0 

.3  lb 

(2.9  kg) 

126  lb   (57  kg) 

265  Lb   (120  kg) 

14  in. 

8 

.0  lb 

(3.4  kg) 

148  lb   (67  kg) 

311   lb   (141  kg) 

lb  in. 

0 

.  1  lb 

(4.8  kg) 

212   lo   (96  kg) 

445   lb    (202  kg) 

STORAGE 


The  pipe  can  be   stored  outside   for  extended  periods  provided   the    following  J 
recomjnended  storage   procedures  are  observed. 

1.        Support   should  be   spaced   in  10   ft  intervals  and  approximately   5   ft.    from  each  end. 
The   supports   should  have  a  minimum  4   inch  wide  bearing  surface. 


2.  A  pipe   stack  should  not  exceed  10   ft.    in  height  and  should  have   aide  supports  or 
blocks   to  prevent  rolling  or    slipping  of  the  stAck. 

3.  Tie  downs  should  consist  of  nylon  straps  or  manila  rope.     Avoid  overtightening 
which  may  cause  excessive  localized  deformation  in   the  pipe. 

4.  If  stacking  cJirectly  on  the  ground,    a  leveled^    »^  f  t  earth  surface,    free  of  rocks  or 
sharp  objects   is  a  must. 
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5.  l^rotective   eiui  covering   should   be   left    intact  ur^til   the   time   ot  installation 
provide  protection    to  the   pipo   ends,    as   well    as   guard   against   dirt   or  ot.h-r 
materials  euterincj   the  j^^P^^* 

6.  fittings,    adhesives,    and  tools  should  be  stored   in  the  shipping  boxen   under  cm 
and  protected  from  water,    mud,    and  extreme  heat  or  cold. 

CUTTING 


For  all  cutting  and  tapering,    the  pipe  must  be  held  securely  with  a  strap  wrench, 
s:;aw  gmde  clamp  assembly,    or  a  chain  vise, 

The  pipe   should  be  cut  with  a   fine-toothed  hacksaw   for   2"   -   6"   pipe   ."id   a  power 
driven  circular   abrasive  cut-off  wheel   for  8"  -    16"  pipe. 

NUTK:      Protective   respirators   should  be  worr)  when   using   powered  cut-oCe   or  tapering 
equipment. 

The  cut  made  on  a  pipe  must  be  straight  as  possible  to  insure  proper  tapering.  Saw 
guides  a.:e  recommended,  but  when  not  available,  a  wrap  around  may  be  used  to  scribe 
or  mark  a  cutting  guideline.      Maximum  out-of-squar e   tolerances   are   shown   in  Table 


Table  3 

TAPER    LENGTH/ ANGLE/OUT-OF-SQUARK,    2"    -  16" 


PIPE  SIZE 


TAPER  LENGTH 


TAPER  ANGLE 


MAXIMUM  OUT-OF-SQUARE 


2 

in  . 

1-5/8 

in . 

1-3/4** 

3 

in. 

1-3/4 

in . 

1-3/4** 

4 

in . 

1-7/8 

in . 

1-3/4** 

6 

in . 

3 

in . 

1-3/4** 

8 

in  • 

2-3/4 

in . 

2** 

10 

in . 

3-1/2 

in . 

2** 

12 

in  • 

4 

in . 

20 

14 

in . 

4-1/2 

in . 

2** 

16 

in . 

5-1/4 

in . 

2** 

ADHESIVE 

MIXING 

3/16 
3/16 
3/16 
3/16 
3/16 
1/4 
1/4 
1/4 
5/16 


m  . 
in . 

in . 
in  - 
in . 
in . 
in , 
in . 
in  . 


Mixing   instructions  are  packaged  with  each  kit.      Avoid  direct  contact  with   skin  or 
eyes.      Use   ooap  and  water   to  wash  off  any  of  these  materials   from  skin.      If  any  of  the 
liquid   gets   into   eyes,    flush   immediately  with  water,    not  solvent,    get   medical  aid 
immediately. 


STEPS 


1.  In  cold  weather,    warming   the   resin  to  60**   F.    is    recommended   for  best  results. 

2.  Empty  all  the  hardener   into  the  can  of  resin.     Never  try  to  split  a  kit.      Use  a 
wooden  spatula  until  all   streaks  are  gone.     Adhesive  has  a  smooth  uniform  pink  color 
when  mixed.      Be  sure   to  mix  all   resin  from  lid  and   from  under   the  upper   lip  of  can 
for  best  results.     Avoid  stirring  too  vigorously;  may  cause  the  hardener   to  splash 
out  or   result   in  excessive  air  entrapmerit. 

ADHESIVE  WORK  LIFE 


The  working   life    (Pot  Life)   of  adhesives   are   shown   in  Table  4.      Pot   Life   is  the 
time   it  takes   for  the  adhesive  to  harden   (Based  on  75'  F.).      It   is  measured   from  the 
time  the  }iardener  and   resin  are   first   mixed.      Heat  shortens   the  Pot  Life,    go  koep 
adhesive  kits   cool   to  extiind   the   Pot   Life.     To  prolong   the   Pot    Life,    pour   and   spread  out 
onto  aluminum  foil    (spreading  cools  the  adhesive,    «^iow5>   the  chemical   reaction,  and 
prolongs  the  useful   life  of  the  adhesive). 


EKLC 


4-18- 

138 


M)in  ;s  I  vi:s 


Adhesivos  used    in   the    joining  of   the  pipe  comes   in   two  parts   systems.     Kach  kit 
:ontrtia8  resin,    hardener,    instructions,    and   (except    for  1  oz.    kits)  cleaning  solvent, 
towels,   mixituj    stick,    and  an  application  brush. 

KacU  kit   has  a   spc*cific   numVier  of  bonds  each  kit  wil).   make    for  each'  re  spec  tive  pipe 
size.      Table  4   ia  biised  on   the   quantity  of  adhesive  required  by  an  experienced  crew 
^orkiny   at   a   temperature  of  70**  K. 

TABLE  4 
BONDS    PER   ADHESIVE  KIT 


KIT  SIZE 
NOMINAL  PIPE  SIZE 


1.0  oz. 

BONDS   PER  KIT 


6.8  oz . 

BONDS   PER  KIT 


10.0  OS. 

BONDS   PER  KIT 


2 

4 
G 
B 


\n . 
in « 

i  n  , 
in , 

i  n  . 


10  in, 

12 
14 
1  6 


xn  , 
in . 
in  . 


14 
9 
7 
3 
2 
2 
2 
1 
1 


14 
9 
4 
3 
3 
3 
2 
2 


NOTI:;: 


-    Not  enough   to  complete    job  or  waste. 


TABLE  5 

ADliESlVK   WORKING   LIFE/TIME   TO  CURE* 


TEMPERATURE 

POT  LI  Ft: 
TXMt:   TO  CURE 


50*>    F.**  70'    F.  85"   F.  100"    F.  120"    F.  150'  F. 

(16**c)  (21*c)  (29'*c)  (38-c)  (49*0)  (66«c) 

20  min .  2  5  min .  1 5  min .  10  min .  8  min.   

12  hr.  5  hr.  4  hr .  3  hr.  2-1/2  hr .  1-1/2  hr . 

(8  hr.)  (3  hr.)  (2  hr . )  (1-1/2  hr  .  )  (1-1/2  hr . )  (45  min.) 


*Time  shown  in  parer^theses   indicates  when  sufficient  care  will   have  been  obtained 
to  permit  moving   of  the  assembly. 


**At  temperatures  below  60     F.,    a  heat  assist  method  must  be  utilized  to  force 


c  ure. 


HEAT   ASSIST   ADHESIVE   CURE  METHODS 

Heax.  generatintj  chemical   package  using   two  or  more  chemicals  when  mixed  and  water 
addeel  causes  a  chemical   reaction  which  gives  off  heat.     This  method  increases  the 
temperature  and  allows  the  pipe   to  cure. 

Heat  blanket  is  a  silicone  rubber  heater   that  is   thin,    flexible,    lightweight,  and 
corrosion  resistant.      It  provides   for  rapid  curing  of  the   adhesive.      If  the  blanket  is 
exposed  to  an  extremely  cold  or  windy  environment,    the  blanket  should  be  wrapped  with 
aluminum    foil   or    fiberglass   insulation.      The  heat  blanket   is   available   in  three  sizes. 
Tlie  heat  blanket  has  a  wattage  of  2  watts/ sq.    in.,    and  will   reach  a  maximum  temperature 
or  240**   F.      See  Table  5. 
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TABLK  6 
HKAT   BLANKET  SIZKS 


SIZK 
1 

111 


DIMENSIONS 
4. 5"   X  16 
5"   X  36. 5" 
6"   X  55'* 


NOMINAL  PIPE  DIAMETER 
1''  ,    3"  ,  4*' 
6",    8*',  10" 
12",    14",  16" 


SUMMARY 

Reinforced  thermosetting  resin  pipe   is   easy  to  damage   so  it   is   important   to  learn 
how  to  handle,    load,    and  store   it.     When  cutting  and  tapering  resin  pipe,    care   must  be 
used  because  of  the  close  tolerances  needed   for  a  good  bond.      Wlien  using   adhesives,  time 
IS  of  the  utmost   importance  as  well   as  the  Jtiixing  and  application  of   it.     Wlien  working 
in  adverse  weather   conditions   alternative  heat  assisted   cure  methods  must  be  use<i. 


QUESTIONS 

1.        In  handling   resin  pipe,   whose   recommendation  do  we  follow? 


2.  What  is  the  maximum  height  you  can  stack  resin  pipe?   

3.  How  many  bonds  can  you  get  with  a  6.8  oz .   adhesive  kit   using   6  in.    resin  pipe? 


4.  What  color  does  the  adhesive  turn  when  propi^rly  mixed? 

5.  What   factor  affects  the  Pot  Life  of  the  adhesive? 


6.  Name  the  two  heat  assist  adhesive  cure  methods? 

1)  

•  2)  

7.  What   is   the  angle  of  taper  for  a   2"  pipe?   

8.  What   is   the  nominal  weight  of  a  2"  pipe   20'  long?   

9-        How  far  apart  should  you  place  the  supports?   and 

approximately  

10^     The  pipe   should  be  cut  by  for   2"  -   6"  pipe  and  a   

   ^     for  8"  "   16"  pipe. 
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DACKFLOW/CROSS-CONNECTION 


Thi.'^  section  is  cies  igned  to  help  you   identify   the   facts  about  Backflow/ 
:!:os£s-c:i)nneot ion.     By  thorough  study  you  will   learn  how  the  Backf low/Cros s~Connec t ion 
lovicoM  and  controls  h<.'lp  us. 

CNTHODUCTIOM 

The  ever  expandiiKj  water  demandB  by  industrial  ad  commercial  operations,   plus  the 
desir.^blii ty  of  auxiliary  fire  protection,   are   increasing  the  possibilities  of  cross- 
::onnecting  potable  water  systems  to  contaminated  sources. 

Many  contaminants  and  pollutants  have  no  odor  or  color  and  can  enter  the  public 
prater  supply  undetected.     A  contaminant   is  a   toxic  substance   in  the  potable  wat*2r  supply 
one  that  could  affect   the  health  of  life  of   the  consumer.     Examples  are  antifreeze  and 
sewage.     A  pollutant  is  a  nontoxic  substance*   in  the  potable  water  supply  that  could 
create  a  nuisance  or  be  esthetically  objectionable.     Examples  are  sugar  and  wine.  What 
can  happen  wil:h  cross-connection  could  be  costly.     In  1969r   Holy  Cross  College  had  tp 
cancel    its  team's   football  schedule  because   the  entire  team  had  contracted  hepatitis. 

INFORMATION 

o     BACKFLOW  -  The   flow  of  water  or  another  liquid,   mixture,  or  substance   into  the 
distributing  pipes  of  a  potable  supply  of  water   from  any  source  or  sources  other  than 
the   intended  sour^je. 

In  Cincinnati,  Ohio  several  years  ago  at  a  winery,    the  wine  backed  up  into  the 
potable  water  supply  due   to  unusual  circumstances. 

o     CROSS-CONNECTION  -  A  physical  arrangement  in  which  a  public  potable  water  supply 
is  connected,  directly  or  indirectly,   with  any  non-potable  ov:  unapproved  water  system. 

A  typical   residential   cross-connection   is  when  a  bucket  of  soapy  water   is  cross- 
connected  to  the  potable  water  system  by  a  garden  hose. 

A  typical   industrial  cross-connection   is  between  a  primary  and  secondary  water 
supply,    for  example,   large   industries  use  the  potable  water  supply  for  drinking  vater, 
and  they   frequently  drill  their  own  wells  or  use  nearby  surface  sources   for  their 
process  water  supplies.     These  water  systems   should  be   separated  and  protected. 

o  BACK  PRESSURE  -  Back  Pressure   is  caused  when  a  potable   system  is  connected  to  a 
nonpotable  supply  operating  at  a  higher  pressure  by  means  of  a  pump,   boiler,   or  elevated 
tank . 

A  typical  back  pressure  condition  could  happen  when  a  typical  ocean-going   ship  at 
the  pier  uses  its  on-board  pumps  to  pump  harbor  water  through  the  ship  for  various 
reasons.     A  ship's  pump  pressure  could  be  greater  than  the  potable  water   supply  pressure 
and  harbor  water  would  be  pumped  back  into  the  potable  water  supply.  Concentrated 
efforts  since  the  1930 's  have  almost  eliminated  this  problem. 

o  HACK-SIPHONAGE  -  This   results   from  negative  or  reduced  pressure   in  the  supply 
pi  pi  n«i . 

Some  of  the  causes  of  back-s iphonage  are: 

1.  Undersized  piping,   either  in  mains  or  service  lines. 

2.  Water  line  breaks  or  line  repairs  that   lower  the  pressure  upstream  of  the 
se rv ice   po i  nt . 

3.  Reduced  pressure  on  the  suction  side  of   booster  pumps  within  system* 

4.  Lowered  main  pressure  due   to  high  flow  rates  for  fire  fighting  or  for  line 


flushing . 
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An  example  of  back- sixDlionage  happerio.]   in  a  resi*  -  ^nti  <i  T     ire.i.  \  .         «  ir  i 

hydrant,    causing   an   excessive    flow  of  water.      in   the    hcnisj  wib    m>  o  I  cJ    {ml;.-!').),   i   i   .  .^t  vi- 

with  a   rumiiruj   submerged   inlet.      With   the  great    flow  of  v/f^tet    tlie  [>resour'      i  rcj  i  m  )o.  i    -m  1 

cause<i    the   vised  bath  water    to  be   distributed    tlirouql^oiit.   tho   >\c>uso  and   in!..  -    .  hi       ■  t^ 
wa  te  r . 


SUMMARY 

Water  and  health  officials  who  are  voicing   their  concerns   about   the   )iazards  of 
cross-connections  are  growing   m   strength  and   numbers.      The  probleia   is  ^\    se^-'o,-,  one 
facing    the  water    industry   today  as   emphasized  by   reports  of  oontamma  te<»   .  u  i  nXin^   w  >  ter 
and  the   spread  of  waterborn  illnesses. 


que:stxons 

l.        What  is  a  contaminant? 


2.        The    flow  of  water  or   another    liquid,    mixture,    or    substance    into   the   di  s  1 1.  ibu  t  ion 
pipes  of  a  potable   supply  of  water    from  any   source  or    sources  other    tricm  Mie 

intended   source  is 


3.        Describe  cross-connection. 


4.  Name   the   two  types  of  back  flow  and  explain  each. 

1  .  

2  -  

5.  What  is  a  pollutant?  


6.        Describe  bac k- siphonag e • 


IDENTIFICATION   OF   HAZARDOUS  PIPING 

This   section  of  instruction   is  designed   to   help  you    identify   the    facts  about 
hazardous  piping.     By  studying  military  standard  lOlD;    3   December   1970;   will  give  you 
the  knowledge   to   identify  the  color  code    for  hazardous  piping, 

INTRODUCTION 

We   as  heating   systems   specialist  must  have  a  knowledge  of  what   is  being  conveyed  in 
our  piping    systems  which  run  through  our  heating  plants.     We  must  know  which  one  carries 
what,    so   that's  why  we   have   each  pipe   identifea  by  color,   content,    and   symbols.  We 
don't  want  cold  water  added   to   steam  boiler  until   the  cold  water   is  heated.      This  alone 
could  cause   the  boiler   to  explode. 

INFORMATION 

COLOR 

The  color   assigned  in  this   standard   shall  conform   in  >iue   and  chroma    to  the 

requirements   identified  by  number   in  FKD.    STD.  ,    No.    59^       No  change   shall    t^e  made   in  the 

assigned  colors  without  prior  approval  of  the  pro^'rin..    activity  of   this  standar<i. 
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WARNING  COLORS 


'Ihe   following  colors  are  assigned   for  use  as  both  primary  and  secondary  warnings: 

a.  YV'.M.OW,    NO.    136  55  -  FLAMMABLt;  MATKHXALS 

b.  BROWN,    NO.      10080  -  TOXIC   ANU   POISONOUS  MATERIALS 
libUH,    NO   15102   -  ANESTHETICS   AND   HARMFUL  MATERIALS 

ti.      (JUKKN,    NO.    141H7  -   OXlDLiSING  MA'J'EKIALS 

e.  GRAY,    No.    16187  -   PHYSICALLY  DANGEROUS  MATERIALS 

f.  RED,    NO.    11105  -   FIRE   PROTECTION  MATERIALS. 

COLORS   HAVING   NO  SIGNIFICANT  MEANING 

BLACK  NO.    17088  and  WHITE  NO.    17875.     These  colors  are  assigned,   without  signifi- 
cant meaning,    for  general  use  where   specified  in  this  standard  except  as  follows: 
Water-piping  systems   containing  water  suitable  for  human  consumption  and  installed  for 
this  purpose  shall  be  painted  WHITE,   NO.    1787  5,   throughout  or  shall  be  painted  to  match 
surroundings  when  not  in  conflict  with  other  color  designations   in  this  standard. 

CLASSIFICATION   OF  MATERIAL   IN   PIPING  SYSTEMS 

The  classifications  of  materials   in  a  piping  system  shall  be  as   specified  in 
Table  7.     When  no  secondary  color  w«irning  is  specified,    an  nrrow  may  be  used  eind  painted 
with  the  oamo  color  as   the  primary  warning  or  black  or  white,    as  preferred. 

NOTE:      N.O.S.    refers  to  materials   "NOT  OTHERWISE  SPECIFIED." 

TABLE  7 

CLASSIFICATION   OF  MATERIALS    IN   PIPING  SYSTEM 


MATERIAL  1 

PRIMARY  1 
COLOR  WARNING  1 

SECONDARY  | 
COLOR  WARNING  1 

AIR,    COMPRESSED  1 

GRAY  1 

GREEN  1 

FUEL  OIL,    N.O.S.  1 

YELLOW  1 

MANUFACTURED  GAS  1 

YELLOW  1 

BROWN 

NAUTRAL  GAS  1 

YELLOW  1 

BROWN 

STEAM  1 

GRAY  1 

WATER,    OVER    50   PSIG/  I 
150**   F.  1 

GRAY  1 

i         WATER,    POTABLE  | 
i  1 
1  1 

WHITE  1 

SUMMARY 

It  is  of  the  utmost  importance  that  you  as  heating  system  specialists   learn  as  much 
as  possible  about  the  color  code  and  the  colors  you  will  come   into  contact  with  on  your 
job. 

This   knowledge  will  help  you  tc   perform  your  job  better  and  keep  you  safe.      It  may 
save  your   life  I 
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QUESTIONS: 

I.        What  is  Military  Standard  101 B? 


2.       What  must  each  color  conform  to   in  Federal  Standard  #595? 


3-  In  the  color  code,  yellow  stands  for 
4.        Gray   stands  for  


What  is  the  primary  color    for   natural  gas? 


6.       Water  suitable    for  human  consumption,    (Potable),    is  coded  by  what  primary  color? 


Theory  of  Prints,    Symbols  and  Scales 

Theory  of  Prints 


When  performing  your  duties  you  will   encounter   numerous  references  t.o  pi  i-s, 
drawings,   prints  or  blueprints.     Learning   to  read  and  interpret  drawings   is  on«  of  the 
requirements  of  civil   engineering  personnel.     Blueprini^  reading    is  a   task   in  wliich  there 
is  no  substitute    for  experience.     Learning   to  use  prints   involves  knowing   the  pur^iose  v.  r 
prints,   knowing   the  types  of  prints,   how  to  handle  prints,    understanding   the  alptiabet  of 
lines,    explanation  of  lines,   projected  views,   and  symbols  and   their  uses. 

Types  of  Prints 

BLUEPRINTS.     The   simplest  and  most  generally  used  copying   process    for  making  prints 
that  you  will   use  are  blueprints.     They  are  made  by  placing   a   sheet  of  special  trans- 
lucent tracing  paper  over   the  drawing   in  close   surface  contact  with  each  other,  then 
exposed  to  a   strong   light,    in  a  printing    frame  or  machine  made   for   this  purpose.  This 
process  produces  a  print  with  a  blue  background  and  white  lines. 

Handling  of  Prints 

Prints  can  be  much  more  useful   if  properly  cared   for  by  the  user.  Smudging, 
tearing,   coffee  cup  rings,    etc.,    should  certainly  be  avoided.     Careless  handling  of 
project  drawings  may  cause  costly  errors. 

Normally,    each  shop  has  drawings  of  existing   facilities  with  additional  equipment 
or  new  construction   features  designated   for  the  purpose  of  maintaining   system  changes. 
They  are  usually  kept  in  racks  or   tubes   for  easy  access.     If  drawings  become  damaged  or 
unreadable,   copies  may  be  obtained   from  the  engineering  section. 

The   "on-the-job"   handling  of  prints   is  very   important  since   smudging  and  tearing 
usually  occur  here.     The   "thumbing    space"    left  on  the  outer   edge  of  the  print  is 
designed  to  prevent  this.     Greasy  and  dirty   fingers,   or   instruments,    should  never  be 
used  to  aid  in  tracing   lines.     If  you  have   trouble   following   lines  on  the  drawing  with 
your  eye,    the  use  of  a  clean,    nonmarking,    dull   instrument  should  be  used.     in  the  event 
you  have  misplaced  your   tracing  aid,    large   nails  are  usually   available  and  work  rather 
nicely.     Screwdrivers  and  other   sharp   tools   should  be  avoided.     Never  depend  on  readings 
from  a  print  when  that  reading  has  been  obscured  bv  n     a^udge  or  tear. 
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J  dent  i  f  tea  tion  of  Lines 


The  itiost  basic  symbol  and  the  one  requiring  the  greatest  understanding  is  the  use 
of  lines.  The  thickness  of  the  line  and  the  configuration  used,  must  be  understood  to 
be  able   to   use  a  blueprint  or  drawing  properly. 

Thu  /Uuerioan  Standard  Association   (ASA)    '  \s  established  standards   for   the  width  of 
lines  u£5ed  on  drawings.     The  Association  approved  the  exclusion  of  heavy  lines  on  pencil 
tlrawinys.     Howevor,   heavy  (wide  lines)   are   still   used  on  ink  drawings.       Of  course,  the 
width  of  line  used  on  the   tracing  will  be  the   same  as  appears  on  the  prints  made  from 
tVie  tracing.     In  reference   to  drawings,    the  words  "weight"   and  "width"  have  the  same 
meani  rvj  • 

on  drawings,  the  heavier  lines  will  be  used  for  the  border,  the  medium  lines  will 
be  used  for  the  object,  and  the  finer  lines  will  be  used  for  centerlines  and  dimension 
lines.     The    following   explanations  will  aid  you  in  identifying   lines  used  on  drawings, 

BOROERLINE(  — — — — -  )  .     The  borderline   is  the  heavy  line  around  the  outen 
edge  of  the  print.     It  informs  the  reader  that  the  intended  illustration  is  complete 
within  these  borders.     Exactly  what  the   illustration  is  supposed  to  be   is  noted  on  -t^he 
legend  in  the  lower  right  corner  along  with  other  necessary  reference  information. 

OBJECT  LINE   (VISIBLE  LINE)    (  — )  •     The  object  or  visible  line  outlines 

the   specific   item  illustrated  by  the  draftsman.      It  is  a  medium  weight  line  which  shows 
the   shape  of  the  object  to  the  reader.     It  is  used  to  outline  buildings,  partitions 
within  the  structure,   piping,  conduit,   etc.     It  is  the  most  important  line  on  the  print 
because    It   forms  the  object  to  which  we  are  referring. 

CENTERLINE   (   ) .     The  centerline  is  used  when  it  is  necessary 

for   the   reader   to  use   the  center  of  an  object  as  reference.      Consult  your   symbols  and 
become  thoroughly  familiar  with  it;  whenever  it  is  used,    it  usually  adds  great  signifi- 
cance  to  the  drawing. 

KXTENSION  AND  DIMENSION  LINES    (<  "   >)•      Extension  lines  are   used  to 

bring  meaning   to  dimension  lines.     The  centerlines  and  extension  serve  as   stops  for 
dimension   lines.     The   extension  lines  do  not  touch  the  object,    but  start  about  1/16  of 
an  inch   from  the  object  line  and  extend  about  1/8  o  f  an  inch  beyond  the  dimension  arrow. 
Xn   instances  where  the  dimension  must  be  located  inside  the  object,    the  object  lines 
serve  as  stops. 

CUTTING  PLANE  LINES  J").     This   is  merely  a  line   symbol   to  given 

accuracy  to  the  reader  as  to  the  view  taken  by  the  draftsman  (very  useful  in  the  machine 
tool   business,   but  used   less  in  construction  drawing). 

SECTION  LINING   (SHADING).     Used  on  detail  drawings  to   indicate  material   to  be  used. 
They  also  may  be  used  to   show  a  cutaway  of  an  object.      (Refer  to  Figure   26  ) 

BRCAK  LINES   ( — s/^  ).      In  drawing   a  detail  of  piping,    shafting,    etc.,  it 

is  usually  drawn  with  break   lines.     Uses  of  conventional  break  lines  are  illustrated  in 
Figure  27. 

HIDDEN  LINES.   Hidden  lines  are  medium  lines  which  consist  of  short  dashes  evenly 
spaced    (  )    that   show  hidden   features  of  the  object. 
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LONG  BREAK 


Figure  26       Line  Symbols 
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RECTANGULAR  SECTION 


ROUND  SECTION 


PIPE  OR  TUBING 


PIPE  OR 

TUBING 

2i 


Wood  (rectangular  section) 


T  y 


1 


LONG    BREAK  (  ALL  MATr^.^^s  , 

Figure  27      Convantiotutl  Hreaks 
4-26 
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Scaling 


Objects  are  drawn   full  size  when  the  details  of  the  object  are  clearly  shown  and 
the  size  of   the  paper  will   conveniently  permit.     Enlarged  views  of  sections  are  made 
when  the  actual   size  of  the  object  is  so  small  that  full-sized  representations  would  not 
clearly  present  the  features  of  the  object.     Reduced  scale  prints  are  made  of  large 
objects  that  can  be  shown  clearly  in  a  smaller  scale.     The  prime  reason  for  reducing  the 
scale  of  drawings  is  to  reduce  their  size  so  that  they  can  be  placed  on  smaller  sheets 
without  crowding  the  views. 

The  scale  of  prints   is  generally  noted  in  the  title  block  and  can  be  designated  as 
"full  size*',    "enlarged  view"  or  at  a  reduced  scale   such  as  1"   =  10',    l/4"   =  1',  and 
others  which  are  similar- 

The  process  of  measuring  dimensions  on  a  blueprint  is  called  scaling.  Important 
dimensions  are  normally  shown  on  the  blueprint  and  should  not  be  scaled  because  of  the 
possible  distortion  of  "the  print  on  cloth  or  paper. 

Types  of  Views 

ORTHOGRAPHIC.     The  orthographic  drawing  normally  shows  three  separate  views,  the 
top,    front  and  side  view  (see  Figure  28). 


TOP  VIEW 


FRONT  VIEW  SIDE  VIEW 


Figure   28.     Orthographic  Views 
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ISOMETRIC.     The  isometric  drawing  is  a  three-dimensional  view   (see  Figure  29). 


Figure  29..     Isometric  View 


PLAN  VIEWS.     Plan  views,  or  architectural  blueprints,   show  the   interior  arrangement 
of  a  building.     These  blueprints  are  made  looking  down  on  a  building   from  a  point 
directly  above.     Horizontal   surfaces  such  as   floors,   appear  without  cJistortion.  All 
vertical  surfaces,   such  as  walls,   appear  as  lines. 


Plan  views  usually  show  the  outside  shape  of  a  building,   the  arrangements  of  the 
rooms,   and  the  size  and  the  shapes  of  rooms.     They  often  given  the  types  of  materials  to 
be  used;   the  thickness  of  walls  and  partitions;   and  the  types,  sizes  and  locations  of 
doors  and  windows.     They  provide  details  of   framework  and  structure;    and  they  show  the 
type,   size  and  location  of  mechanical  equipment,   such  ^s  heating  plants,  radiators, 
plumbing,  electrical   fixtures  and  appliances.     Also   included  are  the  instructions 
concerning  the  construction  and  the  installation  work. 

{ 

Uses  of  Symbols 

The  symbols  used  in  drawings  are  really   illustrations  of  words  or  groups  of  words. 
Can  you  imagine  a  drawing  without  the  use  of  symbols?     Every  item  in  construction  would 
have  to  be  written  on  the  drawings  by  the  draftsman.     One  can  easily  see  why  symbols  are 
of  necessity  to  the  draftsman,   and  also  why  an  efficient  blueprint  reader  must  know  how 
to  interpret  them. 

The  symbols  in  the  folowing  charts  are  shown  to  familiarize  you  with  some  of  the 
symbols  shown  on  blueprints  and  drawings  you  will  be  using   in  the  heating  career  field. 

Some  of  the  categories  of  blueprint  symbols  are:     electrical,  mechanical,  piping, 
heating  and  plumbing.     Many  symbols  are  conventional,  whereas  others  are  not  conven- 
tional.    This  brings  us  to  an  area  of  great  importance,   the  LEGEND.     This   is  a  section 
of  the  blueprint,   usually  placed  in  the  upper  right  corner  of:  the  drawing,  or  blueprint, 
to  explain  or  define  a  symbol  or  a  special  mark  that  is  not  a  conventional  sign  or 
symbol.     With  this  additional  information,  the  blueprint  will  become  much  more  clear. 
Before  reading  a  blueprint  or  drawing  you  should  understand  the  symbols  as  shown  in  the 
legend. 

On  the  following  pages  are  Charts  I  through  V  which  indicate: 

  Electrical  Symbols 

  Mechanical  Symbols 

  Piping  Symbols 

  Heating  Symbols 

  Plumbing  Symbols  | 
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CHART  I 


ELECTRICAL  SYMBOLS 


o 
en 
in: 
© 


INCANDESCENT  FIXTURE  OUTLET 
JUNCTION  BOX 
THERMOS1  A1 

FLUORESCCNT  FIXTURE  OUTLET 
CLOCK  OUTLET 
I  H.  Q.  A.]    HAND-OFF  AUTOMATIC  SWITCH 
S  SWITCH 

DUPLEX  CONVENIENCE  OUTLET 
SPECIAL  PURPOSE 

12OV-10  EXPLOSION  PROOF  OUTLET 
LIGHTING  PANEL 
POWER  PANEL 


0 


r  I 


"III— 
..ill— 

e.p. 
w.p. 


BRANCH  CIRCUIT  CONCEALED  IN 
CEILING  OR  WALLS 

BRANCH  CIRCUIT  CONCEALED  IN 
FLOOR 

BRANCH  CiRCUn  EXPOSED 
GROUND  CABLE  NR  Z 

MOTOR(NUMBEH  INDICATES  HP) 
DISCONNECT  SWITCH 

PHONE  OUTLET 
GROUND  ROD 
GROUND 

MAGNETIC  MOTOR  STARTER 
EXPLOSION  PROOF 
WEATHER  PROOF 


CHART  II 


MECHANICAL  SYMBOLS 


GATE  VALVE 
GLOBE  VALVE 
CHECK  VALVE 
STRAINER 

COCK 

BALANCING  COCK 
UNION  (SCREWED) 
UNION(FLANGED) 
REDUCER 

AUTOMATIC  AIR  VENT 
PRESSURE  GAGE 
THERMOMETER 
PIPE  CAP 
DRIP  I  LG 


t  F 


o 
© 


—  LPS  

—  HPS  

 P.A-:  

—  HTW  — 

—  HWR  

— COND  — 

 HW  

— CWR  


-C  WS- 
-  R  W- 


-c>f<i- 


FIRE  DAMPER 

EQUIPMENT  SYMBOL 

THERMOSTAT 
SUPPLY  AIR 

AIR  EXHAUST  OR  RETURN  AIR 
DIRECTION  or  FLOW 
LOW  PRESSURE  STEAM 
HIGH  PRliSSURE  STEAM 
DRAIN  LINE 

PNEUMATIC  CONTROL  AIR 

HIGH  TEMPERATURE 
WATER 

HOT  WATIR  RETURN. HEATING 

CONDENSATE 

HOT  WATER  HEATING 

CHILLED  WATER  RETURN 

CHILLED  WATER  SUPPLY 

RAW  WATER 

NEEDLE  VALVE(BLEED) 


PRESSURE  REDUCING  VALVE 


4*29 

149 


HART  III 


PIPING  SYMBOLS 


— {9<1- 

OH 


bAFLTY  VALVt 


BALI.  JOINT 
bPFiAY  N02ZLL 


--cSa— , 

OR  1 

— C^CH-' 


I'NFUMAtlC  rONTROL  VALVK 


LOCALLY  MOUNTED 
INSTRUMtNl 


1HANSMM  ThR 
LOCAI  I  Y  MoljNU  t) 


SOLENOID  OPERATED  VALVE 
FILTER 

FLEXIBLE  CONNECTION 


e^lNST  DESIGNATION  \  PANEL  MOUNTED 
^INST    NUMBER  /  INSTRUMENT 

O 

® 
-//—//- 


H  I  I- 


TRANSMITTER 
PANEL  MOUNTED 

INSTRUMENT  AIR  LINES 
ELECTRICAL  LEADS 

AUTOMATIC  AIR  VENTS 
ORIFICE  FLANGE 


CHART  IV 


Heating  Symbols 


vALves 

0«*ck 
0»t» 


-tMj- 


 S- 


VMT  POINT 


f 


VENT 


AUTOMATIC  DAMPERS 


DCPLECTINC  DAMPCK 


DtRCCTION  •!  FLOW 


-ij" 


DOCT  (1     Pl«wi«,  liU  Hfw»i  X~ 
2n4  Hi*  N«i  S»i*«n)        '  ^ 


12    X  20 


DUCT  IICTION 


20  )(  III 


PUm 

UNIT  HEATCR.  PLAN 
C«niiifv«»l  Fan 


UNIT  VeMTILATOR.  PLAN 


-o- 


eXPANWON  JOINT 
HANGER  OR  SUPPORT 
HEAT  EXCHANCCR 


-E3- 


-CD- 


HEAT  TRANSFER  SURFACE,  p 
PLAN    (indlcM*  Typ* 


^  u!? 


PUMP    (In4lc»»«  Typ*. 

Kidi  •»  V»cwuiii} 

STRAINER 
TANK 

iHERMOMETEK 
THERMOSTAT 


CH3-0 
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CHART  V 


PLUMBING  SYMBOLS 


  DOMESTIC  WATER  ICOLD) 

  KOT  WATCR 

  HOT  WATER  RETURN 

■PA  TA   PLANl  AlH 

-UA  UA   UTILITY  AIR 

 FAS   FILTERED  AIR  SUPPLY 

FLOOR  CLEAN  OUT 


—   SIGHT  GLA 


CHECK  VALVC 


PRESSURE  OR 
TEMP  RELIEF  VALVL 


WELDED  CAP 
QUICK  DISCONNECT 


SUMMARY 

This   study  guide  covers  only  a  minimum  amount  of  material  concerning  blueprints  and 
symbols,    the  handling  and  care  of  blueprints,    and  their  storage. 

The  different  types  of  lines  have  been  explained  to  give  a  clear-cut  picture  of  an 
object  or   item  included  in  a  blueprint.     The  legend  will   include  all   necessary  informa- 
tion needed  to   further  explain  deta'3s  and  symbols,    and  in  many  cases,    the  materials.  A 
specific  detail  will  be  noted  or  referred  to   in  the  drawing. 

A   further  study  of  existing  blueprints,    sketches  and  diagrams,    in  and  around  your 
shop  area  will  help  you   in  understanding  other  blueprints   from  shps,    such  as  elctrical, 
sheet  metal  and  plumbing,    other   than  the  heating  plant  and  systems. 
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QUESTIONS 
1.       What  is  an  object  line? 


2. 


How  are  blueprints  made? 


3. 


When   is  a  center  line  used? 


4. 


What   is  the  purpose  cf  hidden  lines? 


5. 


What  is  the  purpose  of  measuring   dimensions  on  a  blueprint? 


6.       Why   is  a   legend  used? 


What  are   the  electrical  and  mechanical   symbols   for   a  thermostat? 


Explain  the   letter Sr    HTW,    HWR,    RW,    HPS  \UD  LPS. 


What  type  of  heating   symbol  designates  a  gate  valve,   globe  valve  and  check  valve? 


LO.     What  is  another  name    for  plan  view  drawings? 
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PRINCIPLES  OF  HKATING 


This  unit  of   instruction  is  designed  to  help  you   identify  the  principles  of 
heating.     By  thorough  study  you  will  learn  the  theory  of  heat  transfer  and  measurements; 
relationship  between  pressure,   temperature  and  volume;    law  of  gases;   and  metric 
conversion, 

INTRODUCTION 

It  is  not  known  just  exactly  when  man  discovered  fire,   but  there  is  no  doubt  that 
fire  is  one  of   the  greatest  gifts  to  maiikind.     The  need  to  control  and  apply  fire  was 
clear  from  the  very  first.     Imagine  what  living  conditions  were  during  the  cave-dwel l^ing 
period.     Unless  a  natural   flue  or  some  other  method  of  ventilation  existed  as  a  result 
of  the  cave,  the  smoke  from  fires  during  cold  weather  must  have  caused  almost  unbearc^ble 
conditions,   leaving  the   inhabitants  the  choice  of  either  freezing  or  being  asphyxiated. 

Long   after  man  had  advanced  to  the  stage  of  hou?,e  building,   heating  methods  had  not 
improved  to  a  very  great  degree.     For  centuries  (and  at  times  even  today)    fires  for 
heating  and  lighting  were  contained   in  braziers  or  held  to  an  unused  corner  of  a  room. 
The  smoke  was  supposed  to  escape  through  a  hole  left  in  the  roof  of  the  building  during 
construction.     Of  course,   large  amounts  of  rain  and  snow  entered  the  room  during  bad 
weather.     During  the  twelfth  century,   however,   the  people  in  the  northern  part  of  Europe 
started  using  crude  fireplaces  and   flues  to  replace  the  brazier  and  hole-in-the  roof 
method  ot  heating.     Some  of  the  rudimentary  heating  systems  still  exist  in  France. 

In  che  thirteenth  and  fourteenth  centuries  the  round  hollow  stone  chimneys  began  to 
be  used.     At  the  end  of  the   fifteenth  century,  people  were  using  a  number  of  fireplaces 
in  their  homes  and  grouping  the  chimneys  together  in  a  vertical,   rectangular  mass  of 
masonry  with  decorative  effect.     By  the  end  of  the  Italian  renaissance  period,  chimneys 
were  in  common  use. 

During  colonial  days  in  America,   the   fireplace  chimneys  were  a  large  masonry  mass 
projected  through  the  center  of  the  roof  or  were  an  important  feature  of   the  gable  end 
walls.     This  general  trend  is  often  followed  in  architecture  today.     Central  heating, 
where  fires  are  required  five  or  six  months  of  the  year,  makes  the  chimney  an  important 
feature  of  a  heating  plant.     There  are  heating   installations,   however,  which  do  not  make 
use  of  the  masonry  chimney  and  have   substituted  an  inconspicuous  metal  smoke  pipe. 
Other  types  of  heating,   such  as  electrical  heating,   require  no  chimney. 

Before  discussing  methods  of  heating,    it  seems  logical   to  discuss  the  theory  of 
heat  and  the  measurement  and  transfer  of  heat. 


INFORMATION 


MATTER 


Basic  Structure  of  Matter 


By  definition,  matter  is  anything   that  occupies  space  and  has  weight  that  constftL- 
tutes  the  observable  universe,   and  that  together  with  energy  forms  the  basis  of  objec- 
tive phenomena.     Matter  exists  in  three  states:     solids,   liquids,  and  gases  and  the 
characteristics  of  a  specific  matter  will  tell  you  its  state. 

ELEMENT 

An  element  is  any  one  of  more  than  110  fundamental  substances  that  consists  of 
atoms  of  only  one  kind  which  constitutes  all  matter. 

COMPOUND 

A  compound  is  any  two  or  more  of  the  basic  element  which  constitutes  all  matter. 
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MOLECULE 


A  molecule  is  the  smallest  partical  of  a  subst<ince.s   tliat  retains   the  properties  of 
the  substances  and  is  composed  of  more  than  one  atoiu. 


The  atom  is  the  smallest  particle  of  an  element  that  can  exist  and  is  the  source  of 
vast  potential  energy. 


Heat  Production 

METHODS  OF  HEAT  PRODUCTION.     Heat  is  a  form  of  energy  that  Cdn  be  produced  or 
generated  by  the  combustion  of  fuels,   by  friction,   by  chemical  action,  and  by  the 
resistance  offered  to  the  flow  of  electricity   in  a  circuit. 

LAWS  OF  THERMODYNAMICS.     Thermodynamics   is  the  science  which  deals  with  the 
relationships  between  heat  and  mechanical  action. 

The  transfer  of  heat  is  a  problem  to  consider  after  the  heat  has  been  produced  by 
the  burning  of  a  fuel.     It  must  be  moved  to  the  space  where   it  is  to  be  used. 

1.  Heat  always  flows  from  a  warmer  to  a  cooler  substance  -  consequently ,  there 
must  be  a  temperature  di  f fere nee  be  fore  heat  will  flow. 

2.  Naturally,   the  greater  the  difference   in  temperature,   the   faster  the  heat  will 

f  lov. 

3.  Two  objects  that  have  different  temperatures,  when  placed  together,  will  tend 
to  equalize  their  temperatures.     As  temperature  increaces,   volume  also  increases. 

METHODS  OF  HEAT  TRANSFER.     Heat  travels   in  heating  systems   from  one  place  to 
another  by  three  different  methods.     All  three  of  these  methods  are  used   in  most  iieating 
systems;   they  are  discussed  in  the  paragraphs  that  follow. 

Conduction.     Conduction  is  the   flow  of  heat  from  one  part  of  a  substance  to  another 
part  of  the  same  substance,  or  from  one  substance  to  another  when  they  are   in  direct 
contact. 

When  one  end  of  a  stove  poker  is  held  in  a  flame,   the  other  end  will   soon  be  too 
hot  to  hold.     This  indicates  that  the  heat  is  being  conducted  or  transferred  from  one 
end  of  the  poker  to  the  other  end.     Such  a  transfer  of  heat  is  called  conduction. 
Conduction  is  used  to  transfer  heat  through  the  walls  of  a  stove,   furnace  or  radiator  so 
that  the  warmth  can  be  used  for  heating.     If  a  piece  of  wood  has  been  used,  as  an 
example,   instead  of  the  poker,   the  end  of  the  wood  away  from  the  fire  would  have 
remained  cool.     This  shows  that  some  materials  do  not  conduct  as  weLL  as  others.  Thoso 
materials  which  offer  considerable  resistance  to  the  flow  of  heat  are  referred  to  as 
insulators,  or  poor  conductors. 

Conv'^'^t ion.     Convection  is  the  transfer  of  heat  by  means  of  mediums  such  as  water, 
air  and  steam.     When  air  is  heated,   it  expands,  becomes  lighter  in  weight  and  rises. 
The  cooler  air,  which  heavier,   then  flows   in  to  replace  the  warm  air.  Thus,   a  convection 
current  is  set  up.     Water,  when  heated,  acts  in  the  same  way  as  air.     The  water  next  to 
the  heating  surface  becomes  warmer,   lighter  and  rises.     This  action  allows  the  cooler 
water  to  flow  in  next  to  the  heating  surface  and  become  heated.     Convection   is  a  very 
important  factor  to  be  considered  i..  a  heating  system.     It  is  this   force,   developed  by 
heating  the  medium,   that  circulates  the  heating  medium  to  the   space  to  be  heated. 

Radiation.  Radiation  is  the  transfer  of  heat  through  space.  When  a  hand  is  held 
in  front  of  a  stove,  it  is  quickly  warmed  by  means  of  radiation.  In  this  same  manner, 
the  earth  receives  its  heat  from  the  sun. 
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Radiated  heat  is  transferred  by  heat  waves,   similar  to  radio  waves.     Heat  waves  do 
not  warm  the  air  throufjh  which  they  pass,   but  they  must  be  absorbed  by  some  substance  to 
produce  heat.     For  example,  when  you  stand   in  the  shade  of  a  tree,  you  feel  cool, 
because  the  leaves  and  limbs  are  absorbing  the  heat  waves  before  they  reach  you. 

When  heat  waves  strike  an  object,   some  are  reflected,   some  may  pass  through,  and 
the  rest  are  absorbed  by  the  object.     Polished  metals  are  the  best  reflectors  knowni 
therefore,   they  are  poor  absorbers  of  heat.     A  poor  absorber  is  also  a  good  radiator. 
Rouyh  motal  absorbs  heat  more  readily  than  a  highly  polished  metal,  and  it  also  loses 
heat   Lastt,»r  by  radiation. 

The  color  of  a  substance  also  affects  its  absorbing  power.     A  black  surface  absorbs 
heat  faster  than  a  white  one.     That  is  why  light-colored  clothes  are  cooler  in  summer 
than  dark-colored  ones. 

Heat  Measurement 

INTENSITY.     Temperature   is  the  measurement  of  heat  intensity   in  degrees  Fahrenheit 
or  Celsius  (centigrade).     Therefore,   temperature  measurements  can  be  made  by  using  a 
glass  thermometer  which  is  calibrated  either  in  degrees  Fahrenheit   (**F)   or  degrees 
Celsius  C^C).     The  generally  accepted  way  of  stating  measurements  of  temperature   is  in 
degrees  Fahrenheit. 

We  should  stop  and  explain  the  terms  Celsius  and  and  Fahrenheit. 
FAHRENHEIT 

Farenheit  is  relating  or  conforming  to  a  thermometric  scale  on  which  under  standard 
atmospheric  pressure  the  boiling  point  of  water  is  at  212®  above  the  zero  of  the  scale, 
the   fr'iezing  point  is  at  32**  above  zero,   and  the  zero  point  approximates  the  temperature 
produced  by  mixing  equal  quantities  by  weight  of  snow  and  common  salt.     Its  inventor  was 
Gabrial  D.   Fahrenheit,   a  German  Physicist,   (1686-1736) • 

CENTIGRADE  (CELSIUS) 

Celsius  is  relating  to,   conforming  to,  or  having  a  thermometric  scale  on  which  the 
interval  between  the  freezing  point  and  the  boiling  point  of  water  is  divided  into  100 
degrees  with  0**  representing  the  freezing  point  and  100**   the  boiling  point.  Its 
inventor  was  Anders  Celsius  a  Swedish  Astronomer,   (1701  -  1744).     Anders  Celsius  in  1742 
devised  the  centigrade  scale.     In  1949,   the  U.S.   National  Bureau  of  Standards,   in  order 
to  honor  Anders  Celsius,   renamed  the  Centigrade  Scale  to  Celsius. 

Types  of  Heat 

SENSIBLE  HEAT 

Sensible  heat  is  indicated  by  the  sense  of   feeling  and  it  is  the  heat  which  c  r  be 
measured  by  a  thermometer.     An  example  of  sensible  heat  is  presented  by  placing  a  small 
vessel  of  cold  water  over  a  gas   flame  and  putting  a  thermometer  in  the  water.  The 
thermometer  measures  the  degree  of  sensible  heat  of  different  bodies.     Also  upon  placing 
your  finger  in  the  water  several  different  times,  you  feel   (or  sense)   the  change  in 
temperature  that  has  taken  place.  j 

HEAT  GAIN 

Heat  gain  is  the  term  applied  to  heat  gained  by  a  space  that  is  being  cooled.  Heat 
gain  is  produced  by  heat  conduction  through  the  walls,   ceiling,   floors,   windows  and 
doors.     People  and  animals  also  give  off  heat. 

HEAT  LOSS 

Heat  loss  is  the  term  applied  to  heat  lost  by  a  space  that  is  being  heated,  or  to 
the  warming  of  cooler  substances  brought  into  the  space.     Heat  loss  is  generally  caused 
by  conduction  through  walls,   ceiling,   floors,  windows,   doors,   and  air  leakage. 


QUANTITY   (AMOUNT).     To  operate  a  heating  unit  efficiently,   you  must  be  tzamiiiar 
with  the  measurement  of  heat.     The  unit  of  measurement  for  a  given  quantity  oL  heat  is 
the  British  thermal  unit,  abbreviated  and  commonly  known  as  BTU .     One  DTU   is   the  amount 
of  heat  needed  to  change  the   temperature  of  1  pound  of  pure  water  1**   b'ahrenheit  at  soci 
level.     If  one  BTU  is  added  to  1  pound  of  water  at  50**  F,   the  temperature  ot    that  ix>un  1 
of  water  will  be  raised  to  51**  F. 

LATENT  HEAT.     Latent  heat  is  the  amount  of  heat  required  to  change  the  state  of  a 
substance  without  a  measurable  change  in  temperature.     Latent  heat  is  further  clarified 
by  the  knowledge  that  all  substances  above  absolute  zero  contain  heat.     There   is  heat 
even  in  ice,  and  its  melting   point   is   fixed  at  32**   F.     Because  of  a  fundamental   law  in 
nature,  when   ice  at  32**   F  melts   into  water  at  32**   F,   a  change  of  state  takes  plac^.  It 
is  that  the   ice   (solid)   has   turned   into  water   (liquid).     A  certain  amount  of   heat  is 
required  during  this  change  of  state.     This  heat  is  known  as  the  latent  heat  of.  liusion. 
Wh€^n  1  pound  of   ice  changes   to  water,   144  BTUs  are  required,  and  an  additional   180  BTUs 
are  required  to  further  raise  the  temperature  of  the  water  to  212**   F  at  sea  level. 

To  again  change  the  state  of  this  1  pound  of  water  (once   ice)   at  212**   F   to  steam, 
another  970  BTUs  are  required.     This  additional  heat   is  known  as  the  latent  heat  of 
vaporization.      (See  Figure  58)     Heat  indicates  the  quantity  of  units  of  heat   (BTU)    in  a 
substance,  whereas  temperature   indicates  the  intensity  of  heat  In  degrees. 

When  we  take  away  970  BTUs  from  this  1  pound  of  steam  at  212**  F  and  change  its 
state  to  water  at  212**  F,  the  change  is  known  as  latent  heat  of  condensation.  (See 
Figure  58) 

We  previously  mentioned  absolute  zero.     But  what  is  absolute  zero?     Scientists  liave 
arbitrarily  determined  that  when  the  temperature  of  a  substance  has  been  reduced  to  460** 
below  zero  F  (-460**  F),   practically  all  the  heat  has  been  removed   trom  the  subtance.  At 
this  point  the  molecules  cease  to  have  motion.     This  temperature  is  known  as  absolute 
zero,  and   it  is  about  the   lowest  temperature  obtainable.     Heat  is  said  to  be   prenent  in 
all  substances,  when  the  temperature  is  above  absolute  ziero. 


Figure  59.     Sensible  and  Latent  Heat 
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Problems 

1.  What   is  the  number  of  BTUs  needed  to  change  2  pounds  of  water  at  212**P  to  steam  at 
212^   F?     (See  Figure  59,) 

2.  Find  the  quantity  of  heat  needed  to  change  15  pounds  of  water  at  90^  F  to  steam  at 
212**  F. 

STEP  1:     Find  the  numer  of  pounds  of  water. 

NOTE:     When  water  is  stated  in  gallons,  multiply  gallons  by  8.3  to  find 
its  E>ounds.     VJhen  stated   in  cubic  feet,  multiply  cubic  feet  by 
62.5. 

STEP  2:     Find  the  temperature  differential.   Subtract  the  low  temperature  from  the 
high  temperature . 

STEP  3:      If  a  change  of  state  takes  place  add  the  latent  heat  value   to  the  ' 
temperature  differential;   this  is  the  total  heat  per  pound. 

STEP  4:     To  find  quantity  of  heat  required   (BTUs),  multiply  the  total  heat  by  the 
number  pounds  of  water. 

NOTE:  When  working  with  heat  requireknents  for  temperatures  above  212<»  F  steam  or 
below  32**  F  ice,   use  1/2  BTU  per  poured  to  change  the  temperature  one  degree. 


BOILING  POINT  OF  WATER 


TQ  CONVERT  DEGREE 
CEl  SlUS      TO  DEGREE 
FAHRENHEIT,  USE  FORMULA 


TO  CONVERT  DEGREE 
FAHRENHEIT  TO  DECREE 
CELSIUS      USE  FORMULA 

c  =[2r  -  3jG+  i.» 


FREEZING  POINT  OF  WATER 


FAHRENHEIT 


CELSIUS 


Figure  59,     Comparison  of  Fahrenheit  and  Celsius  Thermometers 
Relationship  Between  Pressure,  Temperature  and  Volume 

The  relationship  between  pressure,   temperature  and  volume  may  be  summarized  as 
follovys: 

  When  temperature  is  held  constant,   increasing   the  pressure  on  a  gas 

causes  a  proportional  decrease  in  volume •     Decreasing  the  pressure 
causes  a  proportional   increase  in  volume. 
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When  pressure  is  held  constant,    increasing   the  temperature  of  a  gas 
causes  a  proportional   incease  in  volume.     Decreasing  the  temperature 
causes  a  proportional  decrease   in  volume. 
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 •    When  the  volume   is  held  constant,   increasing   the  temperature  of  a  yas 

causes  a  proportional   increase   in  pressure.     Decreasing  the  temperature 
causes  a  proportional  decrease   in  pressure. 

To  visualize  this  bet^   - r  the  relationship  can  be  demonstrated  by  an  open  pan, 
completely  full  of  water  (<^\e  quart  capacity)   at  60**F  sea  level.     Raise  the  temperature 
to  200^F  and  the  water  stc   ts  to  expand  (volume  increases)   to  the  extent  of  spilling 
over  the  side.     Now  reduc     the  temperature   to  60**F  and  the  water  will  contract  (volume 
decreases)   to  the  original  amount  (minus  the  spillage).     Here  we  have  a  constant 
pressure,  plus  an  increase  in  temperature  causing  an  increase  in  volume,   and  a  constant 
pressure  plus  a  decrease  in  temperature  causimj  a  decrease  in  volume. 


Law  of  Gases 

1.       Boyle's  Law  -  "Pressure"  -  Reduce  volume,  you  increase  pressure  and  vice  versa. 
Inverse  relationship  between  volume  and  pressure. 


2.  Charles'   Law  -  Charles'   Law  -  •'Temperature*  reduce  pressure,   reduces  temperature. 
Has  a  direct  relationship  between  temperature  and  pressure. 

3.  Dalton's  Law       "Partial  Pressure"  -  Pressure  of  a  mixture  of  gases  will  be  tl\e  sum 
of  the  partial  pressure  of  each  gas  in  the  mixture  -  condenser. 

20  psi 
20  psi 
10  psi 

50  psi         Take  Out  10  psi  =  40  psi 
Metric  Convers ion 

Tempe rature 

FAHRENHEIT  SCALE.     The  range  of  the  Fahrenheit  thermometer  between  the  freezing 
point  and  the  boiling  point   is  180^    (32°   to  212°  =  180°). 

Changing  Celsius  to  Fahrenheit.     To  change  degrees  Celsius  to  degrees  Fahrenheit, 
usfe  either  of  the   following  formulas: 

9 

F^  »  (C°   times  1.8)       32  or  f°   =«   (5  ^  ^)  ^'^ 

Example:     50°  C  is  what  in  Fahrenheit? 

9 

F  «   (50  X  1.8)    +  32  p  =   (-^  X  50)    +  32 

F  =   90   +  32  F  =  90   +  32 

F  =  122°  F  =  122° 

CELSIUS  SCALE.     On  the  Celsius  Thermometer,   the  range  is  100°    (0°   to  100°  =  100°) 
from  the  freezing  point  to  the  boiling  point. 

Changing  Fahrenheit  to  Celsius.     To  change  degrees  Fahrenheit  to  degree  Celsius, 
use  either  of   following  formulas: 

C  =   (F°  -  32)  divided  by  1.8  or  C  =»  9  ^ 
E/rample : 


5 

C  =   (122-32)  T  1.8  C  =     9  ^  (122-32) 

5 

C  «  90  T  1.8  C  =     9  X  90 


C  «  50°  C  =  50* 
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Leng  th 


The  meter  is  the  basic  metric  measurement  of  length.     It  is  a  little  more  than  3 
I  feet  3   inches  (39  inches).     A  smaller  measurement  to  use  is  the  centimeter.     One  inch 
(1")   equals  approximately  2.5  centimeters.     Centimeter  is  one  hundredth  of  a  meter.  For 
smaller  measurements,  you  would  use  the  millimeter.     It  is  one-thousandth  of  a  meter. 
2  5  millimeters  equal  one  inch. 

We  ight 

The  kilogram  is  the  basic  metric  measurement  weight.     The  kilogram  is  equal  to  1000 
grams  and  to  2.2  pounds.     The  gram  is  one^thousandth  of  a  kilogram  and  too  small  a 
measure  to  be  convenient  to  work  with.     When  measuring  very  small  quantities  by  weight 
you  would  use  the  mil ligram.  The  milligram  is  one-thousandth  (.OOig)   of  a  gram. 

Volume  (Tiiquid) 

The  liter  is  the  basic  metric  measurement  for  liquids.     A  liter  is  a  little  mor^ 
than  a  quart.     There  are  3.79  liters   in  one  ^^allon.     A  smaller  measurement   is  the 
milliliter.     The  milliliter  is  one-thousandth  of  a  liter.     There  are  5  milliliters  to 
the   teaspoon,  30  milliliters   to  the  fluid  ounce,  and  960  milliliters  to  the  quart. 
Volume  measurement  involves  the  amount  of  material   (liquid  or  dry)   that  a  space  can 
hold.  Volume  is  determined  by  multiplying  length  times  width  times  depth  or  height.  If 
a  container  is  1  foot  long,   1   foot  wide  and  1  foot  deep,   it  would  hold  1  cubic  foot.  In 
metric  system,  basic  volume  measurement . is  the  cubic  centimeter.     A  cubic  centimeter  is 
space  which  is  1  centimeter  long,   1  centimeter  wide  and  1  centimeter  deep. 

SUMMARY 

Heat  is  a  form  of  energy  known   for  its  effect  and  is  measured  by   intensity  in 
Fahrenheit  or  Celsius  (centigrade),  or  by  quantity   in  BTUs.     Heat  is  transferred  by 
conduction,  convection  or  radiation.     Pressure  has  a  direct  effect  on  the  boiling  point 
of  liquids. 

QUESTIONS 

1.  Heat  may  be  transferred  from  a  body  to  another  body  which  is  at  a  lower  temperature 
by  what  methods? 

2.  On  what  condition  is  conduction  dependent? 

3.  In  what  is  the  intensity  of  heat  measured? 

4.  What  is  the  definition  of  sensible  heat? 

5.  VJhat  is  the  definition  of  a  BTU? 

6.  What  is  the  definition  of   latent  heat?  ^ 

7.  Determine  the  amount  of  BTUs  needed  to  change  18  pounds  of  water  at  182*   F   to  steam 
at  212*  F. 

8.  Convert  180*  F  to  a  Celsius  reading. 

9.  What  is  thermodynamics? 

10.  What   is  matter? 

11.  When  tlie  volume   is  held  constant,   increasing  the  temperature  of  the  volume  causes 
what  to  happen  to  the  volume? 
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3770  Technical  Training  Group 
(Civil  Engineering  Training) 
Sheppard  Air  Force  Base,  Texas 


WB  J3ABR54532  001-1-2 


CIVIL  ENGINEERING  ORGANIZATION,    SAFETY  AND  PUBLICATIONS 


OBJECTIVES 


Given  information,   identify  basic  facts  of  CE  mission  and  CE  organization  by 
correctly  answering  a  minimum  of  70%  of  the  questions. 

Given  information,   identify  basic  facts  of  work  identification,  work  authorization, 
nanagement  and  utilization  of  material  resources  by  answering  a  minimum  of  70%  of  the 
ijue  stions . 

Given  information,   identify  basic  facts  of  AFOSH  Standards  and  hazards  of  the  545X2 
career  field  by  answering  a  minimum  of  70%  of  the  questions. 

Given  Information,   explain  individual  responsibilities  towards  safety  standards  by 
answering  a  minimum  of  80%  of  the  questions. 

Given  information,  determine  safety  practices  when  working  with  high  intensity 
sound,    flammables,  chemicals,   and  acids  by  answering  80%  of  the  questions. 

Given  information,  correctly  determine  first  aid  procedures  for:     electrical  shock, 
control  bleeding,   traumatic   shock,  heat  exhaustion  and  heat  stroke  by  answering  a 
ninimum  of  80%  of  the  questions. 

Given  information,   identify  basic  facts  about  the  two  types  of  publication  systems 
by  correctly  answering  a  minimum  of  70%  of  the  questions. 

Given  information,   name  the  publications  that  pertain  to  the  545X2  career  field  by 
ijorrectly  answering  a  minimum  of  70%  of  the  questions. 

PROCEDURE 


Complete  the  following  statements,  using  your  study  guide  as  a  reference. 
1.     What  is  the  prime  mission  of  a  civil  engineering  organization? 


2.     What  is  Air  Force  Regulation  85-1? 


3.     List  the  purpose  of  a  work  request   (AF  Form  332)   for  organizations  other  than  civil 
engineering . 


EXERCISE  1 


Organization 


and  Function  of  Bafae  Civil  Engineers 


a . 


b. 


c . 
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AF  Form  1879  is  a  document   used   to  authorize 


What  are  the  branches  under  the  operations  and  maintenance  section? 

a-   .  d.  

b. 


e . 
f . 


AF  Form  327,   BCE  Work  Order,    is  a  document  used  to  authori 


ze 


EXERCISE  2 
Publications 

List  the  two  types  of  Air  Force  publications. 

a  •  

b. 


What  is  the  number  and  title  of  the  technical  order  that  will  explain  technical  , 
orders  xn  the  specialized  publication  system?  «       x  ^ 


What  is  the  number  of  the  AF  publication  that  covers  the  index  of  standard  AF 
publ ications? 


What  technical  order  li«ts  numerical  indexes? 


What  are  Air  Force  regulations,  manuals,  and  pamphlets? 


What  type  information  is  contained  in  Air  Force  Regulations? 


What  AF  manual  covers  the  operation  and  maintenance  of  central  heating  plants  and 
distribution  systems?  ^ 
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EXERCISE  3 

Use  Publications  as  Source  for 
Inspections  and  Maintenance 


INSTRUCTIONS 


Using  AFM  85-12,   Volume  I,   find  and  identify  information  for  performing  maintenance 
and  inspections  on  breechings  found  in  AFM  85-12,   Volume  I,   Chapter  2,   Section  E, 
paragraphs  181  and  182,   to  find  the  following  information: 

a*     Paragraph  181 

(1)     Time  intervals  of  inspections 


(2)     Inspect  for  what? 
(8.) 
(b) 

b*     Paragraph  182 

During   the  boiler  overhaul,  what  maintenance  should  you  do  on  breechi  ? 

(1) 

(2) 

(3) 

INSTRUCTION 


Using  AFM  85-12,   Volume  II,   find  and   identify  information  for  performing  maintenance 
and  inspections  on  warm  air  furnaces  found  in  AFM  85-12,   Volume  II,   Chapter  4, 
Section  D,   paragraphs  157  and  158  to  find  the  following  information: 

a.     Paragraph  157 

(1)  Time  interval  of  inspection  under  subparagraph  a. 

(2)  Inspect  for  the  following  under  subparagraph  a.(l) 
(a) 

(b) 
(c) 

b*     Paragraph  158 

(1)     During  maintenance  of  warra-air  furnaces  dealing  with  leaks  from  the 

combustion  space,  what  must  be  done  on  steel  furnaces  to  stop  the  leaks? 

(a) 

(b) 
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EXERCISE  4 
APOSH  Standards 

What  is  AFR  0-17? 


Personal   protective  clothing  and  equipment  are  covered   in  which  AFOSH  standard? 


List  the  title  of   following  AFOSH  standards, 

a.  11^7-38:  

b.  127-43:   

c.  161-4:   

d.  127-5: 


What  is  AFOSHSTD  127-11? 
What  is  AFOSHSTD  127-12? 
AFOSHSTD  161-8  covers 


What  AFOSH  Standards  cover  ladders? 

Scaffolding   is  covered   under  what  standard? 

List  four  hazards  of  the  545X2  specialty, 
a . 

b.  

c . 
d. 


EXERCISE  5 

Individual  Responsibilities 

Whose  responc:ibility  Is  it  to  know  where  to  find  and  how  to  use  these  safety 
standards?  ' 


Who  must  know  the  purpose  and  use  of   personal   protective  clothing  and  equipment? 
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3770  Technical  Training  Group  J3ABR54532  001-1-3 

(Civil  Engineering  Traininj^) 
Shepparxi  Air  Force  Base,  Texas 

TOOLS 

OBJECTIVES 

Given  information,   select,   use  and  care  for  the  appropriate  hand   tools,    with  a 
maximum  of  two  instructor  assists. 

Given  information,   select,   use  and  care  for  the  appropriate  special   tools,   wi  th  a 
maximum  of  two  instructor  assists. 

Given  information,   select,   use  and  care  for  the  appropriate  precision  measuring 
instruments,   with  a  maxlnaum  of  two  instructor  assists. 

PROCEDURE 

EXERCISE  1 
HAND  TOOCS 

1.  Proceed  to  work  area  with  instructors. 

2.  Draw  necessary  hand   tools  and  ma  ir.erial   for  performing  objective. 

3.  Position  necessary  hand   tools  and  material   on  benches  in  work  area  as  directed  by 
the  instructor. 

4.  Each  student  will  select  the  hand  tools  needed  to  remove  and  replace  a  copper 
connection,  a  screw,  and  a  pipefitting. 

CALTION:      OTSERVE  APPLICABLE  SAFETY   KIECAUTIONS  WHEN  WORKING  WITH  HAND  TOOL?.  REWOVE 
WATCHES   AND  RINGS. 

PROCEDURES  FOR  REMOVING  AND  REPLACING  A  COPPER  CONNECTION. 

!•     Select  appropriate  size  open  end  and   line  wrench. 

2.  Place  open  end  wrench  on  copper  union  and  apply  stationary  pressure  in  clockwise 
di  rect  ion . 

3.  Place  lin9  wrench  over  copper  tubing  and  draw  up  on  flare  nut.      Apply  pressure  in 
counterclockwise  direction  until  connection  breaks  loose. 

4.  After  loose,   removing  by  hand  is  desirable. 

5.  Instructor  will   inspect  work. 

6.  After  work  is  inspected  the  students  will   replace  their  connection. 

7.  Place  tubing  against  flare  connection  and  turn   flare  nut  clockwise,   threading  nut 
by  hand  until  tight. 

NOTE:     Flare  nut  should  turn  easily,  caution  should  be  taken  not  to  cross-thread 
the  connection.     This  will  cause  damage. 

S.     Place  open  end  vrench  on  copper  union  and  apply  stationary  pressure  in 
coun  terclockwi  se  di  rect  ion. 

9.     Place  line  wrench  over  copper  tubing  and  draw  up  on  flare  nut.     Apply  pressure  in 
clockwise  direction  until  connection  is  tight. 

NOTE:     Overtightening  the  connection  will  cause  damage. 

10.     Clean  and  replace  tools  when  task  is  done. 

Instructor  ^  
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PROCEDURES   FOR  REMOVING   AND   RRPLACING  A  SCREW 


1  . 


Select  appropriate  type  and  size   screwdriver  as  directed  by  instructor. 
NOTE:     Blede  or   tapered  end  must  fill  the  slot  or   cross-slot  respectively. 


2.  Place  screwdriver  correctly,    and  turn  counterclockwise  until  out. 

3.  Instructor  will  check  work,    then  replace  the  screw. 

4.  Hold  screw  with   fingers,   place   screwdriver  correctly,    and  turn  clockwise  until 
tight. 

5.  Clean  and  replace   tools  when  task  is  done. 


PROCEDURES    FOR  REMOVING  AND   REPLACING  A  PIPEFITTING 

1.  Select  appropriate   size  pipe  and  monkey  wrenches  as  directed  by  instructor. 

2.  Place  wrenches  on  pipe  or   fitting  as  directed  below: 

a.  Square  or  hexagon   fitting  require  the  use  of  monkey  wrenches. 

b.  Smooth   round   fittings   require  pipe  wrenches. 

3.  To  remove  a  standard  pipe  or   fitting  counterclockwise   rotation   is  required. 

4.  To  prevent  the  removal  of  pipe  or   fitting  next  to  the  pipe  or   fitting  you  are 
removing,   a  back-up  wrench  is   required  with  stationary  pressure   in   the  clockwise 
direction . 

5.  For  better   leverage,    place  wrenches   close  together. 

6.  Once   loose,    removing  by  hand   is  desired. 

7.  Instructor  will  check  work. 

8.  Starting  by  hand   is  needed  to  prevent  cross^threading . 

9.  Turn  clockwise  by  hand  until  snug,    use  wrench  until  tight. 

NOTE:      OVERTIGHTENING  WILL  CAUSE   DAMAGE  TO  PIPE  OR  FITTING  OR  THREADS. 

10.  To  prevent  over   tightening  use  another  wrench  to  apply  stationary  pressure   in  the 
counterclockwise  direction. 

11.  Clean  and  replace  tools  when  task  is  done. 


Instructor 


Instructor 


EXERCISE  2 


Special  Tools 


1 . 


Proceed  to  work  area  with  instructor. 


Draw  necessary  special   tools   and  material  for  performing  objective. 


3  . 


Position  necessary  special  tools  and  me.terial  on  benches  in  work  area  as  directed  by 
the  instructor. 
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4*     Each  student  will  select  the  special  tools  needed  to  complete  the  following  tasks 
assigned  by  the  instructor. 

PROCEDURES   FOR  USE   AND  CARE  OF  THE  WIRING  TOOL. 

1.  Select  the   size  of  wire  as  directed  by  the  instructor. 

2.  Select  the   size  on  the  tool  to  match  the  wire  size. 

3.  Place  wire  in  tool,    extend  the  end  of  the  wire  out  through  the  handle. 

4.  Squeeze  handle,    rotate  and  pull   insulation  off.  ' 

5.  Clean  and  replace  tool  when  task   is  done. 

Instructor 

PROCEDURES   FOR  SELECTING  AND  USING  THE   FUSE  PULLER. 

1.  Select   fuse  puller   for  safety. 

2.  Select   fuse  puller   for  different  size  fuses. 

3.  Place  one  hand  behind  you.     Use  other  hand  and  fuse  puller   to  pick   fuse  up  off 
table . 

4.  Clean  and  replace   fuse  puller  when  task   is  done. 

instructor 

PROCEDURES   FOR  SELECTING  AND  USING  THE   PIPE  VISES. 

1.  Select  the  pipe  vise. 

2.  Place  pipe   in  vise. 

3.  Center  pipe   in   "V"  grove. 

4.  Turn  tee  handle  clockwise  to  tighten. 

5.  Turn  tee  counterclockwise  to  loosen. 

6.  Clean  vise  and  bench  when  task  is  done. 

instructor 

PROCEDURES   FOR  SELECTING  AND  USING  BENCH  GRINDER. 

1.  Select  the  bench  grinder. 

2.  Select  safety  equipment  to  be  used  when  operating  the  bench  grinder. 

3.  Turn  on  bench  grinder. 

4.  Turn  off  bench  grinder. 

5.  Secure  and  clean  bench  grinder. 

Instructor 


EXERCISE  3 
Precision  Measuring  Instruments 

1 .  Proceed  to  work  ar  a  with  instructor . 

^'     SbjecJISe!^^''^  precision  measuring  instruments  and  material   for  performing 

aJJa'irdJrSI^^SVth^'ln^Jrrc^or!'"'  instruments  and  material  on  benches  in  work 
c^^pleJe'^he'   foJ io^J^rtasS  measuring   instruments  and  material  needed  to 

MS?Sf  sfl^lr!°''  "'^A^'J^^N^   THE   INSIDE   DIAMETER  OF  A   PIPE  AND  THE  OUTSIDE  DIAMETER  OP  A 

Jns?5e  TAi^'^f'    i"^«^%i"to  end  of  pipe,   and  expand  until  the  caliper  touch  the 
inside  wall   of  pipe.      Lock  into  position  and  read  measurement. 

2.  Loosen   caliper,    expand  and  place  on  outside  of  motor  shaft.     Hold  calioers'    leas  on 
measuremJ^^.  ^°  measurement.      RemoSJ  J^S  read  ^  °" 

3.  Instructor  will   inspect  work. 

4.  Clean  and  replace  tools  when  task   is  done. 


Instructor   

PROCEDURES   FOR  CUTTING  A  GASKET. 

1.  Select  gasket   cutter  and  material   needed  to  cut  a  gasket. 

2.  Position   cutter  on  desired  section  of  material. 

3 .  Secure   cutter . 

4.  Open  cutter   guide  to  desired  radius. 

5.  Apply  light  pressure  to  start  cutting  operation. 

6.  Continue  pressure  until   material   is  cut. 

7.  Instructor  will   check  your  work. 

8.  Clean  and  replace  tools  when  task  is  done. 

Instructor  

PROCEDURES   FOR  USING  A  WIRE  GAGE. 

1.  Select  the  wire   gage  and  material   needed  to  measure  different  sizes   of  wire. 

2.  Wire   gage   is  used  to  measure  only  solid  wire  conductor. 

3.  Using  the  wiring  tool,    strip  off  the  insulation  from  the  end  of  the  wire  being 
measured .  ^ 

4.  Insert  conductor   into  smallest  opening  that   conductor  will   enter  without  binding 
occurring   at  the   side  of  the  gage.  w4.^xi^Liu  uj-nuxng 

5.  Instructor  will   check  work. 

6.  Clean  and  replace  tools  when  task   is  done. 

Instructor 

ERIC 


3770  Technical  Training  Group  WB  J3ABR54532  001-1-4 

(Civil  Engineering  Training) 
Sheppard  Air  Force  Base,  Texas 

PIPEFITTING 

OBJECTIVES 

Given  information,  explain  basic   facts  about  the  types  and  sizes  of   pipe  and 
fittings  by  correctly  answering  70^  of  the  questions. 

Given  information,  hand  tools  and  pipe,   measure,   cut  and  thread  ^ipe,   with  a 
maximum  of   two  instructor  assists. 

Given  procedures,  mechanical   threader  and  pipe,  measure,  cut,   and  thread  a  pipe 
nipple  12  inches  long,   with  a  maximum  of  three  instructor  assists. 

Given  information,   select,  use,  and  care  for  installed  shop  equipment,   with  a 
maximum  of  two  instructor  assists. 

Givon  information,   hand  tools,   pipe  nipples  and   fittings,   perform  procedures  for 
fabricating  a  piping  system  which  will  maintain  system  pressure  with  no  visible  leakage, 
with  a  maximum  of  two  instructor  assists. 

Given  information,  explain  basic   facts  about  types  and   sizes  of  valves  by  correctly 
answering  70%  of  the  questions. 

Given  information,   hand  tools  and  valves,   perform  basic  step-by-step  procedures  for 
doing  simple  maintenance  on  valves,   with  a  maximum  of  two  instructor  assists. 

Given  infonnation,   identify  facts  about  reinforced   thermosetting  resin  pipe  by 
correctly  answering  70%  of  the  quesitons. 

Given  special  tools  and  instructions,  measure,   cut,  and  connect  reinforced 
thermosetting  resin  pipe,   with  a  maximum  of  three  instructor  assists. 

Given  information,   identify  basic   facts  about  cross-connection  back  flow  by 
correctly  answering  70%  of  the  questions. 

Given  information,   identify  basic  facts  about  hazardous  piping  by  correctly 
answering  80%  of  the  questions. 

Given  information,  blueprints,   drawings  and  symbols,  determine  step-by-step 
procedures  for  interpreting  blueprints  and  drawings,   with  a  maximum  of  two  instructor 
a  ssi  sts. 

PROCEDURE 

EXERCISE  1 
Pipe  and  Fittings 

1.     What  is  the  name  for  a  piece  of   pipe  less  than  12  Inches  long?   


2.     What  is  a  pipe? 


3.     Which  pipe  is  not   recommended   for  sewer  lines? 


4.     Which  fitting  picks  up  a  branch  run  at  90  degree  angle? 


5.     What  are  the  three  classes  of  pipe? 


,  and 


6. 


7.  What  fitting  is  used  to  join  two  straight  runs  of  pipe?  

8.  What  fitting  makes  a  90*  change  in  direction?  

C).      \-\>ui\.\rv   thrj   rr>i  loving   fittings  by   writing  the  nomenclature  to  the  right  of  each 
f  1 1 1  i  ng  - 


a. 


b. 


c  - 


CKC-n6 


10.     How  do  you  measure  the  length  of  pipe? 


ERIC 


EXERCISE  2 


Piping  Procedures 


CAUTION:     Observe  applicable  safety  precautions  when  working  with  hand  tools. 
Remove  etches  and  rings. 

1.  Proceed   to  work  area  with  instructor. 

2.  Draw  necessary  materials  from  supply. 

3.  Locate  and  position  necessary  tools  and  material  on  benches  in  work  area  as 
directed  by  the  instructor . 

4.  Fran  your  instructor,  obtain  measurement  desired;   then,  measure  pipe  and  mark, 
Write  desired  measurement  in  the  blank  space. 


171 


PROCEDURES  FOR  CUTTING  PIPE 
1.     Insert  pipe  in  the  V-shapecJ  groove  of  the  p^.pe  v^ee  ^nd  secure  It. 


2.     Hacksaw  can  be  used  but  produces  a  rouBh  cut;   gp,   wh^ftpvpr  possible,   use  a  pipe 
cutter.  try 


3.     Use  a  number  two  wheel  and  roller  pipe  cutter. 


4.     Position  cutting  wheel   over  mark  and  make  a  revqlntioa  wit\\  very  little  cuttiniii 
pressure  to  insure  proper  tracking  of   tlie  whee|  • 


5.     liow  much  should  you  tighten  the  handwheel  of  the  owt^t^r  W^th  eaoh  Rucceeelvo 
revolution?  ' 


PROCEDURES   FOR  REAMING  PIPE 
1.     Use  a  spiral   or   flute  reamer  to  remove  the  burr  from  inside  the  pipe. 


2.     Use  reamer  to  restore  inside  diameter  to  original   size.     Do  not  overream  as  this 
will  weaken  the  wall  of  the  pipe. 


3.      Insert  reamer  in  end  of  pipe  and  use  pumping  action  on  handle. 


4.     Rotate  handle  clockwise. 


6.     Use  file  to  remove  burr. 


PROCEDURES   FOR  THREADING  PIPE 
1.     Assemble  pipe  dies. 


2.  Oil  end  of  pipe  before  placing  dies  on  end  of  pipe. 

3.  Push  dies  against  pipe  with  heel  of  hand. 
NOTE:     Use  gloves. 

4.  Make  three  or  four  short  clockwise  strokes  to  start  cutting  operation.     Use  the 
heel   of  your  hand  to  apply  force  to  the  dies. 


5.     Oil  die  segments  with  cutting  oil   to  prevent  overheati       of  the  dies  each  time  a 
window  on  the  dies  comes  up  on  top. 


6.     Continue  clockwise  strokes.     Every  three  threads  reverse  ratchet   to  clean  die 
segments.     Continue  this  operation  until    two  threads  extend  past   the  dies. 
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Turn  counterclockwise  and   remove  die  head. 

NOTE:     Slowly  turn  dies  counterclockwise.     This  prevents  burrs  from  getting  under 
the  die  segments  and  stripping  out  the  threads. 

Clean  die  head  and  put  away. 

Clean  pipe  threads  with  a  wire  brush. 


AND  THREAD   PI  PE 

Insert  pipe  in  threader  and  lock  front  and  back  pipe  holders  into  place  insuring 
pipe  is  in  center  of  the  pipe  holders. 


Bring  pipe  cutter  down  from  the  up  position  insuring  pipe  cutter  is  in  open 
position,   and  over  pipe  insuring  that  pipe  cutter  is  in  place  on  the  guide. 


Place  cutting  wheel  on  mark  on  pipe  and  turn  handle  on  cutter  clockwise  until 
cutter  is  snug  around  the  pipe. 


NOTE:     Ensure  thjiX  all  safety  precautions  are  followed. 


Turn  power  on  and  start  cutting  pipe  by  turning  the  handle  1/4  turn  for  each  360 
degrees  rotation  of  pipe. 


After  pipe  is  cut  return  cutter  to  up  right  position  and  lower  pipe  reamer  without 
stopping  threader. 


Position  reamer  in  guide,   this  will  place  reamer  directly  in   line   with,  the  pipe. 


Next  turn  the  wheel  on  the  guide  counterclockwise  until  the  reamer  enters  the  end 
of  the  pipe. 


Apply  a  steady  but  light  force  on  the  wheel  until  the  bur  is  removed  from  the  end 
of  the  pipe. 


NOTE:  To  ream  too  much  out  of   the  end  of   the  pipe  will  weaken  the  pipe  wall  as  well 
as  to  enlarge  the  end  of  the  pipe. 


Withdraw  reamer  from  end  of  the  pipe  and  return  it  to  its  upright  position  without 
stopping  threader . 


Lower  adjustable  threader  into  guide  and  lock  dies  into  position  by  lowering  small 
handle  on  dies. 


Ensure  dies  are  set  on  correct  size  for  the  pipe  to  be  threaded. 
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EXERCISE  3 


Me  ch  an ic  al  Th r e ad  e  r 


12. 


Do  not  start  to  thread  pipe  till   the  cutting  oil  starts  to  flow  out  of  the  dies. 


13.  Turn   the  wheel  on  the  guide  counterclockwise  until   dies  rest  on  the  end  of  the 
pipe  . 

14.  Apply  a  steady  but  light  force  on  the  wheel  until   the  dies  start  to  thread 
themselves  on  the  pipe,  at  that  time  release  the  wheel* 

15.  The  die  will  thread  itself  onto  the  pipe.     When  the  correct  number  of  threads  are 
made,  open  the  lock  on  the  dies  by  lifting  up  on  the  lever  on  the  dies.     The  number 
of  threads  depends  on  the  working  pressure. 

NOTE:     Don't  lift  up  too  hard,   as  damage  to  threads  is  possible. 
IG.     Withdraw  dies  by  turning  wheel   clockwise  until   clear  of  the  pipe. 

17.  Repeat  the  cutting  operation  staricing  with  step  2  through  step  4,   then  stop  the 
threader . 

18.  Remove  pipe  nipple  from  threader  and  clean  the  threader. 

19.  Bring  pipe  nipple  to  instructor  for  grading. 

INSTKUCTOR  

EXERCISE  4 

Instal led  Shop  Equipment  (Power  Threader) 
1-     What  is  used   to  cut  the  pipe  on  the  power  threader? 

2.  What  type  of  reamer  is  on   the  threader? 

3.  Which  direction  do  you  turn  the  wheel  on  the  guide  to  have  the  reamer  enter  the 
pipe? 

4.  What  must  you  look  for  before  you  start  to  thread  pipe? 

5.  Which  direction  do  yju  turn  the  wheel  on  the  guide  to  start  the  dies  to  thread  the 
pipe? 

6.  What  is  tho  time   ir.  tervals  ;iexween  oil  changes  on   the  power  threader? 

7.  When  should  the  dic-=  be  -r^hanged'^^ 

8.  What  is  used  to  hs'>ld  ti  rning  pipe? 

9.  Who  should  make  adjustments  on  the  transmission  speeds  on   the  power  threader? 

INSTRUCTOR  
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EXERCISE  5 
Fabricating  Pipe  System 
Apply  pipe  joint  compound.     Describe  how  pipe  Joint  compound  is  applied. 


Start   fitting  by  hand,   making  sure  not   to  cross-thread  it. 
Turn  fitting  or  pipe  by  hand   until  snug. 

Use  two  wrenches  to  tighten.     This  prevents  the  turning  of  other  pipes  or  fittings 

Fabricate  the  piping  system  which   your   instructor  will  assign  to  you. 

Upon  completion  of  your  project,    yjur  instructor  will   pressure-test  it  and  erade 
your  performance. 

Clean  all   tools  and  equipment. 

Replace  all  tools  and  equipment. 

Clean  up  the  work  area. 

INSTRUCTOR   

EXERCISE  6 
Types  and  Sizes  of  Valves 

Which  valve  is  used  to  regulate  flow? 


To  prevent  binding,   what  must  be  done  to  a  gate  valve? 


How  can  you  tell  if  a  valve  has  a  rising  or  nonrising  stem? 


If  the  valve  is  installed  in  the  system,   how  can  you   tell  which  type  valve  it  is? 


What  do  the  letters  WOG  stand  for  on  valves? 
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EXERCISE  7 
Ma  intenance  of  Valves 

1.     What  maintenance  action  is  necessary  if  the  valve  body  is  cracked? 


2.     Describe  maintenance  action  for  small  and  large  brass  valve  seats? 
a.     Small  valve: 


b.     Large  valve: 


3.     What  is  the  main  advantage  of  a  composition  discover  a  conventional  disc? 


4.     Repack  a  gate  valve  using   the  following  procedures. 

a.  Remove  wheel   nut  using  adjustable  wrench. 

b.  Remove  wheel   with  hand,   insuring  the  name  tag  is  not   lost  in  removing  wheel. 

c.  Remove  packing  nut  with  adjustable  wrench  by  turning  counterclockwise. 

d.  Remove  packing  gland  by  lifting  it  out  of   stuffing  box, 

e.  Remove  packing  with  the  aid  of  the  packing  remover. 

NOTE:     Count  the  number  of  rings  of  packing  removed,   the  same  number  should  be 
replaced . 

f •     Measure  new  packing  by  placing  packing  around  stem  and  cutting  at  a  45  degree 
angle  and  off  setting  the  ends  at  90  degree  angles  in  the  stuffing  box. 

g.     Once  packing   is  back  in  the  stuffing  box  the  process  is  reversed. 

(1)  Replace  packing  gland 

(2)  Replace  packing   nut  with  hand  till  snug,   then  using  adjustable  wreuch  turn 
clockwise  t    -1  tight. 

NOTE:     DON'T  over  tighten  packing  nut. 

(3)  Replace  wheel  and  name  tag. 

(4)  Replace  wheel   nut  with  hand  till   snug,   then  using  adjustable  wrench  turn 
clockwise  till  tight. 

NOTE:     DON'T  over  tighten  wheelnut. 
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EXERCISE  8 

Reinforced  Thermosetting  Resin  Pipe  * 
1.     Whose  arrangement  for  shipping  and  storage  do  we  follow  as  our  guide  for  the  same? 


2.  Where  should  the  tie  downs  be  placed? 

3.  What  is  recommended  for  tie  downs? 


4.  How  far  can  you  safely  extend   the  pipe  beyond   the  truck  or  trailer  bed? 

5.  What  is  the  nominal   weight  of  a  12  inch  pipe/ft? 

6.  What  is  the  angle  of   taper  for  a  4  inch  pipe?   

7.  What  affects  the   pot   life  of  the  adhesive? 


8.     What  is  the  maximum  height  you  can  stack  resin  pipe? 


INSTRUCTOR   
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EXERCISE  9  ^ 
Connecting  Thermosetting  Resin  Pipe 

1.  Proceed   to  work  area  with  instructor. 

2.  Draw  necessary  hand  tools  and  material   for  performing  objective. 

3.  Position  necessary  hand   tools  and  material   on  benches  in  work  area  as  directed  by 
the  instructor. 

4.  Each  student  will  select   all  tools  and  materials  needed   to  do  objective. 

PROCEDURES   FOR  MEASURING  THERMOSETTING  RESIN  PIPE 

!•     Secure  pipe  with  the  use  of  a  strap  wrench,   saw  gul de-clamp  assembly,  or  a  chain 
vi  se . 

tlOTE:     Always  wrap  the  pipe  with  a  protective  material   (such  as  rubber)   to  prevent 
damage  to  outer  surface. 

2.  Thermosetting  resin  pipe  is  measured  same  as  pipe,   by  outside  diameter   (CD.)*  The 
length  of  resin  pipe   is  also  measured  the  same  as  pipe,   end  to  end,  end  to  center, 
center  to  center. 

3.  Obtain  measurement  from  instructor,  measure  and  mark  pipe. 

erIc  ^-'^'^'^ 


PROCEDURES  FOR  CUTTING  AND  TAPERING  THERMOSETTING  RESIN  PIPE 

1.  Place  saw  guide  or  a  wrap  around  may  be  used  to  insure  a  straight  as  possible  cut; 
this  is  very  important  for  proper  tapering  of  the  pipe  ends, 

2.  For  pipe         -  6*'  a  fine-toothed  hacksaw  should  be  used,  and  for  pipe  8"  -  16"  a 
power  driven  circular  abrasive  cutter  wheel  should  be  used, 

NOTE:     Protective  respirators  should  be  worn  when  using  powered  cut-off  or  tapering 
equipment. 

NOTE:     32  teeth  per  inch  or  the  rule  ^vhich  states  3  teeth  must  be  in  contact  with 
the  surface  being  cut  at  all  times, 

3.  Place  a  facing  tool  in  the  end  of   the  pipe  and  rotate  tool  clockwise,   this  will 
check  and  if  needed  square  end  of  pipe. 

4.  Remove  facing   tool  from  pipe  and  replace  with  tapering  tod. 

5.  Rotate  tapering  tool  in  clockwise  direction.     The  angle  of  taper  is  built  into  the 
tapering  tool. 

NOTE:     Ensiire  that  all  safety  precautions  are  followed.     Read   instructions  care- 
fully. 

PROCEDURES  FOR  JOINING  THERMOSETTING  RESIN  PIPE 

1.  Thoroughly  clean  all  surfaces  with  joint  cleaner  to  remove  all  dirt,   grease  and 
foreign  materials. 

NOTE:     Do  not  touch  the  bonding  surfaces. 

2.  Ensure  all  surfaces  are  clean  prior  to  adhesive  application. 

3.  To  mix  the  adhesive,   first  empty  all  the  hardener  into  the  can  of  resin. 

note:    never  split  a  kit 

Mix  the  entire  contents  of  the  two  containers  together  with  a  tongue  depresser 
(wooden),  until  a  uniform  pink  color.     Get  all  resin  from  lid  and  under  lip  of  can. 

4.  Use  the  wood  stick  to  apply  adhesive  to  pipe,   insuring  not  to  touch  pipe  or 
adhesive  with  bare  hands. 

5.  Align  pipe  lengths,   apply  force  to  lock  the  joint,   taking  care  not   to  disturb  or 
move  the  joined  piping  until   the  adhesive  has  cured. 

6.  Instructor  will  check  work. 

7.  Clean  and  replace  all  tools  and  equipment  when  finished. 
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EXERCISE  10 
Backf 1 ow/Cross  Connection 

What  is  a  pollutant?   

Describe  back  flow • 


What  is  a  physical  arrangement  in  which  a  puolic  potable  water  supply  is  connected 
m  direct  contact   with  a  non'-potable  wter  system? 


What  is  backpressure? 
What  is  backsiphonage? 
What  is  a  contaminant? 


INSTRUCTOR 

EXERCISE  11 
Identification  of  Hazardous  Piping 

What  is  Federal  Standard  595? 


Flammable  materials  are  marked  by  ^ich  color? 
Brown  represents    and 


materials . 


Physically  dangerous  materials  are    in  color. 

Green  represents 


Compressed  air  is  coded  by   as  a  secondary  color. 

What  is  natural  gas  primary  color? 


Potable  water  (less  than  50  psi)  is  coded  by  which  color? 
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EXERCISE  la 
Blueprints  and  Symbols 


1.  What  is  an  object  line?   

2.  What  is  the  simplest  and  most  generally  used  copying  process  for  making  ,  mts? 

3.  What  is  a  centerline  used  for?  

4.  The  process  of  measuring  dimensions  on  a  blueprint  is  cal  lec| 

5.  Name  the  types  of  views  used  in  blueprints. 

6.  What  is  the  symbol  for  a  thermostat? 

a.  Electrical   

b-  Mechanical   

c.  Heating   

7-     What  is  the  symbol   for  a  gate  valve? 

a.  Mechanical   

b.  Heating   

8.  What  is  the  symbol   for  a  globe  valve? 

a.  Mechanical  

b.  Heating   

9.  Which  type  of  view  is  known  as  architectual  blueprints? 
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/nJ^^T^S^"}''^^  Training  Group  WB  J3ABR54532  001-1-5 

(Civil  Engineering  Training) 
Sheppard  Air  Force  Base,  Texas 

PRINCIPLES  OF  HEATING 

OBJECTIVES 

Given  information,   identify  basic   facts  of  the  structure  of  matter  and  thermo- 
dynamics  by  correctly  answering  70%  of  the  questions. 

Given  information,   identify  basic  facts  of  the  laws  of   gases  by  correctly  answering 
70%  of   the  questions.  ^ 

Given  Inf o rraa.  clon ,   identify  basic   facts  of  metric  conversion  by  correctly  answerine 
70%  of  the;  questions.  ^ 

PROCEDURE 

EXERCISE  1 

Temperature  Conversions  and  Pressure,   Temperature,   and  Volume  Relationship 
I.     Of  the  two  ways  of  measuring   heat,    the  thormometer  is  used   to  mc?asure  the 


2.  Using  the  appropriate  formula,   convert  the  following  temperatures. 

F  =»   (C  X  1.8)  +  32  or  C  =»   (F  -  32)  1.8 

a.  (212^F) 

b.  (70^C)   

c.  (132»C) 

3.  Enter  the  boiling  and  freezing   point  on  the  following  temperatures: 

a.  Celsius  -  Freezing  •C       Boiling  •C 

b.  Farenheit  -  Freezing   ^•F  Boiling 

4.  Write  the  name  of  the  kind  of  heat  that  changes  the  temperature  but  does  not  change 
the  state  of  the  substance. 


5.     Define  the  term  "sensible  heat." 


6.     What  is  matter? 


7.     What  is  a  molecule? 
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What  Is  thermodynamics? 


Name  the  three  methods  of  heat  transfer 

a .  

b.  

c . 


What  Is  thermal  conduction? 


List  the  three  types  of  latent  heat  and  give  BTU  value  for  each, 
a  •  

b.  

c . 


What  kind  of  heat  is  required   to  convert  water  to  steam? 


Determine  the  quantity  of  heat  needed  to  change  15  gallons  of  water  at  90*F  to  i 
steam  at  212**F.  ^ 

STEP  1:     rind  the  number  of  pounds  of  water  by  multiplying  gallons  by  8.3. 

STEP  2:     Subtract   low  temperature  from  high  temperature  to  get  temperature 
differential  and  convert  to  BTUs. 

STEP  3:     If  a  change  of  state  takes  place,   add  the  latent  heat  value  in  BTUs  to  the 
temperature  differential   in  BTUs;   this  is  the  total   heat  for  one  pound. 

STEP  4:     To  find  quantity  of  heat  (BTUs)  required,  multiply  the  total   heat  by  the 
number  of  pounds  of  water. 

NOTE:     When  working  with  heat  requirements  for  temperatxire  above  212»P 
steam  or  below  32*F  ice,   use  1/2  BTU  per  pound  to  change  the 
temperature  one  degree. 

Determine  the  number  of  BTUs  required  to  change  15  pounds  of   ice  at  10*F  to  steam 
at  242»F. 


Determine  how  many  BTUs  are  required   for  latent  heat  of  fusion. 


When  the  temperature  of  water  increases,   what  happens  to  its  volume?  ^ 
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17.     What  happens  to  pressure  if  the  volume  of  water  in  a  closed   container  increases? 


18.     What  happens  to  the  boiling  point  of  water  when  the  pressure  increases? 


EXERCISE  2 

1-     What  is  the  temperature  scale  for  the  metric  system? 

2.  Using  the  appropriate  formula,   convert  the  following  temperatures, 

Degree  of  farenheit  =  (9/5  x  degree  of  Celsius)  +32+ 
Degree  of  celsius  =  5/9  x  (degree  farenheit  -32) 

a.  (100  degree  celsius) 

b.  (94  degree  farenheit) 

c.  (126  degree  celsius) 

3.  What  is  the  basic  metric  measurement  of  length? 

4.  Using  the  formula  for  length,   convert  the  following  lengths. 
1km  «  100  m.  ,  Im  «  39.37  inches  or  3.28  feet 

a.  4  meters  inches 

b.  15  feet   n>eters 

c.  3280.8  feet  km 

5.  What  is  the  basic  metric  measurement  for  weight? 


6.  Using  the  formula  f-^r  weight,  convert  the  following  weights. 
1  gram  (g)  •  15.4  grains  (gr),  7000  (gr)  »  .4536  (kg)  or  lib 
1  kilogram  -  lOOOg  -  2.21b,   1  lb  «  453.6  g 

a.  5000(g)  «  lb 

b.  1000(g)  »    gr 

c.  500(kg)  «    lb 
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7.     What  is  the  basic  Oietric  measurement  for  volume  (liquid)? 


Using  the  formula  for  volume  convert  the  following  volumes. 

1000  mili  «  1   litre,   2.7S4  L  =  1  gal  ,   946  mill  -   1  qt,   473  mill  -  1  pt 

a-      4  qt   milliliters 

b.  12  liters  =   gal 

c.  3784  mililiters  =    pt 
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3770  Technical  Training  Group 
(Civil   Engineering  Training) 
Sheppard  Air  Force  Base,  Texas 


SG  J3ABR54532  OOl-II-l 


ELECTRICAL  FUNDAMENTALS 


OBJECTIVES: 

Given  Information  Identify  basic  facts  relating  to  electrical  fundamentals  by 
correctly  answering  70%  of  the  questions. 

Given  fuses,   fuse  puller  and  fused  safety  switch,   Install  circuit  protective 
devices  with  a  maximum  of  two  instructor  assists. 

INTRODUCTION: 

This  unit   Is  designed  to  famlllarxze  you  with  electrical  safety  practices.      It  will 
rtlso  provide  you  with  Information  to  help  you  understand  electrical  fundamentals  and 
will  give  you  instructlcns  relating  to  the  ''hands  on"  Installation  of  circuit  protective 
dcv  ices . 

The  material  In  Unit  1   Is  presented  under  the  following  main  topics: 

-  ELECTRICAL  SAFETY  AND  FIRST  AID 

-  ELECTRICAL  THEORY 

-  VOLTAGE 

-  CURRENT 

-  RESISTANCE 

-  ELECTRICAL  WIRING  PRACTICES 

-  CONTROLLING  ELECTRICITY 

-  COMMON   ciLECTRICAL  SYMBOLS 
INFORMATION: 


Safety  is  the  responsibility  of  every  Individual*     This  Includes  personal  safety 
and  the  safety  of  others.     However,  human  nature  Is  such  that  no  one  individual  can  ever 
bo  100%  alert  100%  of  the  time  to  every  accident  producing  possibility.     This  is  why 
oai:h  person  must  be  as  fully  aware  as  possible  of  the  causes  of  accidents  and  the 
ha;!;ards  of  each  particular  Job*     Future  heating  technicians  should  also  be  familiar  with 
basic  first  aid  procedures  for  electrical  shock  victims  and  the  control  of  fires  which 
may  occur  in  and  around  heating  equipment. 

Common  sense  is  probably  the  otiO  best  "rule  of  thumb"  to  follow  in  order  to  stay 
safe,  both  on  and  oxf  the  Job.  By  definition,  common  sense  is  "normal  intelligence." 
Take  time  to  THINK! ! I 


ELECTRICAL  SAFETY  AND  FIRST  AID 
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Most  accidents  are  caused  by  the  Mnsafe  act  of  an  Individual.     Equipment  failure 
accounts  for  only  a  small  percentr.iie       The  following  Is  a  list  of  the  common  causes  of 
accidents.     Note  tlio  human  element  ol  carelessness: 

-  Operating  equipment  without  pn -oer  training,  experience,   or  authority. 

-  Not  following  safety  precautions  and  Instructions. 

-  Not  using  safety  guards  or  devices  px*ovlded. 

-  Working  at  unsafe  speeds  or  Iv  an  unnafe  body  position. 

-  Careless  housekeeping. 

-  Operating  with  tools  or  equipment  known  to  be  unsafe. 

-  Indulging  In  horseplay. 

-  Falling  to  warn  others  of  possible  dangers. 

-  Fatigue. 

Many  of  the  hazards  to  be  confronted  as  a  heating  specialist  will  be  associated 
with  careless  maintenance  practices.     Do  not  omit  safety  precautions  no  matter  how 
insignificant  they  may  seem. 

The  risks  of  electrical  shock  can  be  avoided  by  the  use  of  common  sense,  knowledge, 
and  safety  precautions.  High  voltages  will  cause  severe  shock  and  large  sums  of  current 
will  cause  damaging  biirns. 

It  is  important  ::hat  we  all  know  and  understand  the  safety  procedures  for  each  type 
of  equipment.  High  voltage  systems  are  turned  OFF  whon  work  is  being  performed  on  them. 
Turning  on  the  equipment  at  these  times  could  be  disastrous* 

All   types  of  electrical  equipment  will  have  a  fuse  or  some  other  circuit  protective 
device.     A  fuse  is  a  sensitive  device  which  will  shut  off  the  power  to  a  unit  when 
something  goes  wrong.     This  will  stop  further  damage  to  the  unit.     A  "blown"  fuse  is  not 
a  defect.     The  trouble  which  causes  the  fuse  to  blow  must  be   located  and  corrected. 
Never  replace  a  blown  fuse  with  anything  but  a  fuse  of  the  correct  type  and  rating. 


Unfortunately,  a  fuse  that  is  designed  to  protect  the  equipment  will  not  protect 
the  operator.     A  very  small  amount  of  current  passing  through  the  chest  can  cause  death, 
yet  this  same  amount  of  current  might  NOT  blow  the  fuse.     The  point  is,   a  fuse  was  never 
meant  to  protect  human  life. 

The  amount  of  electricity  required  to  electrocute  a  person  depends  upon  several 
factors: 

-  The  amount  of  electrical  current 

-  The  area  of  the  body  involved 

-  The  length  of  time  the  shock  is  received 

-  The  health  of  the  person 

Even  people  in  excellent  health  may  be  severely  affected  by  electrical  shocks  which 
are  minor.     They  sometimes  respond  by  passing  Into  a  depressed  condition  of  body 
functions  called  Traumatic  Shock.     Traumatic  Shock,   if  allowed  to  continue,  may  cause 
death* 
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Suppose,   for  example  a  shock  Is  received  from  a  finger  to  the  elbow.  The 
electrical  current  will  pass  turu  the  forearm*     Puncture  wounds  and  burns  may 
received  on  the  fingers  and  the  elbow  where  the  electricity  enters  and  leaves.     A  so, 
Internal  burns  within  the  arm  can  cause  tissue  and  nerve  damage.     The  higher  the 
current,  the  greater  the  damage. 


contraction. 

Contracting  of  the  fingers  can  lock  the  hand  to  the  wire,  creating  a  very  serious 
situation.     This  condition  must  be  avoided. 


The  most  dangerous  shocks  are  those  that  Involve  the  brain  or  vital  organs  in  the 
chest  and  abdominal  areas. 

Severe  electrical  shocks  usually  Involve  paralysis.     The  brain's  messages  can  be 
disrupted  and  breathing  or  heart  action  becomes  disorganized  or  stopped.     Sometimes  the 
heart  Is  still  operating  but  Instead  of  a  rhythmic  beat,   the  heart  flutters  with 
scries  of  uncoordinated,   rapid,  weak  pulsations.     (Ventricular  Fibrillation).     This  Is 
fatal   If  It  continues   for  any   length  of  time. 

Paralysis  duo  to  electrical  shock  usually  causes  the  victim  to  s^oP^^reathing . 
Artificial  respiration  must  be  started  as  soon  as  the  victim  is  free  of  the  electrical 
source.  Remember — the  victim  is  usually  unable  to  help  himself. 

TURN  OFF  THE  POWER  as  quickly  ar,  possible.     If  unable  to  locate  the  power  switches; 
WARN  OTHERS  of  the  immediate  danger  and  proceed  to  remove  the  victim  f'^'O'Ej^he  PO^er 
source,  using  a  dry  wooden  pole,  wooden  broom,  or  dry  wooden  chair  to  push  or  roll  the 
victim  clear  of  the  power  source. 
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Artificial  Respiration: 


The  most  important  thing  to  remember  in  giving  artificial  respiration  is  to  BKGIN 
IMMEDIATELY,     Once  the  victim  is  free  of  the  power  source,  don't  waste   time  movin«j  to  an 
"ideal"  location,  or  waiting  for  some  other  qualified  assistance.     BKGCN   iMMiUiCATKliY!  l  I 


Place  the  victim  on  their  back.  Use  your  fingers 
to  clear  the  mouth  and  throat, 

PULL  the  lower  jaw  forcefully  outward  so  that 
the  lower  teeth  are  further  forward  than  the 
upper  teeth.     Keep  the  victim's  head  back  as  far 
as  possible  in  a  "sword  swallowing  position," 


":lose  the  victim's  nose.     Blow  air  into  the 
iungs  until  the  chest  rises.     Repeat  12  to  20 
times  per  minute* 


If  the  chest  does  not  rise  when  you  blow,   improve  the  position  of  the  victim's  air 
passageway,  and  blow  more  forcefully.     Blow  forcefully  into  adults,   and  gently  into 
children.     After  the  chest  rises,   quickly  separate  contact  with  the  victim's  mouth  and 
let  the  air  out  of  their  lungs.     Continue  rhythmically  without  interruption  until  the 
victim  starts  breathing. 
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Closed  Chest  Cardiac  Massage 


It  is  imperative  that  blood  circulation  be  maintained  while  the  mouth-to-mouth 
trospiration   is  being  performed.     A  quick  method  of  determining   if  the  heart  has  stopped 
beating   is  to  lift  the  victim's  eyelid  and  observe  the  pupil.      If   the  pupil   is  dilated 
(enlarged),   the  heart  has  stopped  beating  and  artificial  blood  circulation  must  be 
maintained  through  the  revival  procedure^   or  until  natural  heartbeat  is  reestablished. 

Follow  the  procedure  listed  below  to  establish  and  maintain  circulation. 

I.     Lay  the  patient  face  up  on  a  solid  support, 
such  as  the   floor,  ground,   or  pavement.  A 
bed  or  couch   is  too  soft. 


2.  Clear    the  patient's  throat  and  mouth  of 
foreign  matter. 

3,  Begin  mouth-to-mouth  resuscitation 
simultaneously  with  heart  massage. 

If  two  people  arc  available,  one  giver 
mou th-to-mou th  resuscitation  while  the 
other  gives  closed  chest  cardiac 
massage.      If  only  one  person   is  avail- 
able,  alternate  eight  counts  of  cardiac 
massage  with  two  counts  of  mouth-to- 
mouth  breathing. 


any 


Two  Person  Heart/Lung 
Resuscitation  Method 


4.     Kneel  at  right  angles  to  the  patient's  trunk  so  you  can  use  your  weight  in  applying 
pressure . 


Place  the  heel  of  your  right  hand  on  the  breastbone  of  the  patient,   with  fingers 
spread  and  raised  so  that  pressure   is  only  on  the  breastbone,   but  not  on  the  ribs. 
Place  your  left  hand  on  top  of  the  right,   and  press  vertically  downward— apply 
enough  pressure  to  depress  the  breastbone  from  one  and  one-half  to  two  inches. 
The  chest  of  an  adult,   although  resistant  when  he   is  conscious,  becomes 
surprisingly   flexible  when  he   is  unconscious. 

NOTE:  With  a  child,  use  only  one  hand  and  relatively  light  pressure.  In  newborn 
infants,   use  of    fingers  only  may  be  sufficient. 

NOTE:     The  heart  is  located  between  the  sternum  (breastbone)   and  the  vertebral 
column.     Pressure  on  the  breastbone  forces  the  heart  against  the  spine,  thus 
forcing  blood   into  the  arteries.     Release  of  pressure  allows  the  heart  to  refill 
with  venous  blood. 
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HrART  AND  THORACIC  CAGE 


THE  STERNUM  - 


THE  VERTEBRAL  COLUMN 


Heart  and  Thoracic  Cage 


6.     Release  the  pressure  Immediately, 
lifting  the  hands  slightly,  then 
repeat  In  a  cadence  OF  APPROXIMATELY 
60  THRUSTS  PER  MINUTE, 


7.     Continue  closed  chest  cardiac  massage 
until  you  get  professional  medical 
aid.     Also,   If  possible,  continue  to 
give  mouth-to-mouth  resuscitation 
until  someone  arrives  with  a  tank  of 
oxygen  to  take  over.     If  you  are  on 
your  own  and  the  victim  shows  no 
response,  continue  both  measures  until 
the  victim  becomes  stiff  (rigor  mortis 
sets  in).     Even  trained  and 
experienced  medical  personnel  find  it 
increasingly  difficult  to  say  when  a 
person  is  really  dead  beyond  recall* 
Again,  the  most  important  point  is  to 
immediately  begin  and  continue  resus- 
citation efforts. 


Pressure  Forces  Blood 
Out  of  Heart 
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IM  or  tr  lea  1   Sa  fc^ty  Practices: 

'  As  a  heating  specialist,   you  may  be  required  tc  perform  minor  electrical  repairs. 

Electrical   safety  practices  must  be  followed  to  miciimizr  the  possibility  of  accidents. 
It  would  be  impossible  to  list  every  safety  prec.iv/tion  in  this  study  guide,  but  an 
attempt  has  been  made   to  provide  you  with  a  partial   listing  of  common  electrical  safety 
practices.     Additional   Information  on  electrical/  safe  practices  can  be  found   in  Air 
Force  Pamphlet  85-1,   Electrical  Facilities  Saf^/ Pract ices  Handbook. 

1.     All  repair  and  maintenance  work  on  elect/rical  equipment  must  be  performed  by 
qualified,   authorized  personnel.  / 

nefore  beginning  any  electrical  work , /-Remove  all  rings,  wrist  watches,  bracelet! 
and  other  metal    Itef.vs  that  might  accidentally  come  in  contact  with  a  live  wire. 

3.  Become   familiar  with  equipment  you/will  be  expected  to  maintain. 

4.  T.earn  the  location  and  proper  us^  of   fire  extinguishers. 

r>.     Whonover  p<-r>slble,   electrical  ^rcuits  and  equipment  will  be  de-energized  before 
workin^^  on   them.  ; 

n.      Otin't  work  alone  when  working  with  electricity. 

7.     Don't   take  anything   for   grp/hted;    treat  all  wires  and  terminals  as  though  they  were 
energized   (unless  proven  (^herwise) . 

H.      Perform  pre-operational /Inspect ions  before  operating  electrical  equipment. 

Report  safety  hazards 4o  your  supervisor,  warn  others  and  use  appropriate  warning 
tags  to   Identify  unf/4fe  or  hazardous  conditions. 


\  10.  Insure  adequate   illumination  and  ventilation  while  performing  any  job  related 
task. 

11.  Avoid  horseplay  (unnecessary  distractions,   startling  workers,  etc.) 

12.  Avoid  usin^/  aluminum  ladders  near  live  electrical  wires. 

13.  Stay  dry^?".  .water  increases  electrical  dangers. 
1  U  Practice  good  housekeeping. 

ir>.  Pay  attention   to  all   warning  tags  and  signs. 

10.  Inspect  all    tools  for  proper  operation  and  safety. 

17.  Never  bypass  an  electrical  protective  device. 

18.  Fuse   types  and  sizes  must  not  be  changed  without  engineering  assistance, 
in.  Use  common  sense  and  THINK!!! 


ERIC 


RLECTUrCAI.  THKOUY 


Electricity  is  something  to  be  respected.     This  Is  due  to  th<^   fact   that   it  can  not 
be  seen  and  also  because  of  the  possibility  of  injury  or  death  If  proper  caro  is  not 
used  when  working  with  It.     As  you  become  familiar  with  this  form  of  energy  you  should 
learn  to  respect  it.     Due  to  Its  proper  handling  and  use,   electricity  has  become  one  of 
the  greatest  helps  known  to  man.     To  properly  handle  and  use  it,   you  will   first  have  to 
understand  some  of  the  rules  for  this  form  of  energy. 

Many  things  in  existence  can  be  grouped  under  the  general  classifications  of  matter 
or  energy.     Matter  can  be  defined  as  anything  that  occupies  space  and  has  weight. 
Energy  can  not  be  seen  but  can  have  an  effect  on  matter.     Energy  can  be  defined  as  tho, 
ability  to  do  work.     It  can  take  various  forms  such  as  mechanical,   chemical,   boat  and 
electrical  energy.     Any  of  these  forms  of  energy  can  be  changed    from  one   form  to 
another . 

Scientists  have  broken  down  matter  into  more  than  100  different  substances  called 
elements.     An  element  such  as  copper,   gold  or  carbon  is  a  substance   that  cannot  be 
broken  down  to  a  more  simple  substance  by  ordinary  means.     All  matter  is  made  up  of 
elements  or  combinations  of  elements.     TZ;3  smallest  part  of  an  element  is  the  atom. 
Atoms  are  so  small  that  several  billion  of  them  could  fit  on  the  head  of  a  pin.  Rach 
atom  is  made  up  of  protons,  neutrons  and  electrons.     Protons  have  a  positive  electrical 
charge,  neutrons  are  neutral  and  have  no  charge,  while  electrons  have  a  negative  charge. 


ELECTRON  PATH 
(ORBIT) 


NEUTRON 
(NO  CHARGE)    ^  ~ 


PROTON  / 
(POSITIVE  , 
CHARGE)  1^ 


\  ELECTRON 
©{NEGATIVE 
;  CHARGE) 

NUCLEUS 


CHLARCtD  StCTlON  Of  COPPER  WiRt-)  t*  »»A 

Eicctmn  inovemrnt  a\  •  coruliiciof 


An  atom  in  its  normal  condition  has  an  equal   number  of  electrons  and   prott)ns  and 
shows  no  sign  of  electricity.     If  through  some  force,   an  atom  loses  or  gains  an 
electron,   it  becomes  unbalanced  or  electrically  charged.     Atoms  that  have  gained 
electrons  are  negatively  charged  while  atoms  that  have  lost  electrons  are  positively 
charged.     Unbalanced  atoms  of  different  charges  will  attempt  to  become  balanced  again. 

The  ELECTRON  THEORY  explains  that  charged  atoms  can  regain  balance  because  of  thi> 
movement  or  flow  of  electrons  from  a  negative  electrical  charge  to  a  positive  electrical 
charge. 
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VOLTAGK 


Volha<io  is   the  electrical  t^nergy,    force  or  pressure   that  can  causo  eloctron  flow. 
Volt.icjf^  <-afi  b«j  roprosented  by  the  differences   in  negative  i\r\i\  positive  electrical 
"i>oteiit.i  als"  c^r  «:harcjes.      Differences   in  electrical  charges    (-   +)   are  measurea  in  volts 
with  a  voltmeter.     There  are  many  common  devices   that  can  be  used  to  produce  voltage. 
Kach  device  has  the  ability  to  convert  some   form  of  energy  into  electrical  energy. 

A  battery   is  an  example  of  a  device  that  converts  chemical  energy  into  electrical 
energy.      Chemical   reactions  take  place  inside  of  the  battery  and  cause  migration  of 
olectrons   from  one  terminal   to  another.     The  terminal  that  gains  electrons   is  considered 
to  bo  negative  while  the  terminal   that   loses   electrons   is  considered   to  be  positive.  A 
battery  will    remain  charge^l  as   long  as   there   is  chemical  action  talcing  place  to  produce 
vo Itage. 

A  thermoi^jouple  is  an  example  of  a  device  that  converts  heat  energy  into  electrical 
en»-r<7y.     Two  cUssimilar  metal  wiro->  are  welded  together  at   the  enas   to   form  a  thermo- 
cotiple.      v;hen  neat   is  applied   to  t^io  thermocouple,    electrons  migrate        om  one  metal  to 
another,    proilucing  negative  and  positive  electrical  charges.      A  thermocouple  will 
l^rt^iluce   voltage  as   long  as   the  two  dissimilar  metals  are  heated, 

,\  met-hanical   generator   is  a  a   example  of  a  device  that  converts  mechanical  energy 
into  electrical   r^nergy.      A  mechanical  generator  causes  a  magnetic   field  to  pass  through 
rx  cotiiluctor.      \s   the  magnetic   field  passes  through   the  conductor  it  produces  negative 
aiivi  pc*)sitiv#.»  electrical  charges. 


CURRENT 

Current   is  a  term  used   in  electricity  to  describe  the   rate  of  electron   flow   from  a 
noqaiivo  1 positive  electrical  charge.      A  circuit   is  a  complete  path   for  current 
flr>w.      The   amount  of   current    flow  through  an  electrical   circuit   is  measured   in  amperes 
wit!i  an  ammeter.     One  ampere   (sometimes  called  an  amp)   of  current   represents  the 
movement  of  more  than  six    (6)  quadrillion  electrons  1 

^  T'.lectrical   current  can  produce  many  interesting  and  useful  effects.      In  fact, 

P current    flow   is   responsible   for  the  operation  of  all  electrical  devices.      Some  examples 
i^r   the  useful   effects  of  current   include  the  ability  to  produce  chemical   reactions  for 
the  cThromo  plating  of  bumpers,    heat   from  irons  to  iron  our  uniforms,    and  magnetism  to 
t>j)erale   fan  iiK:>torB   to  help  keep  us  comfortable.      Unfortunately  the  misuse  of  electrical 
t;urrent  can  cause  electrical  shock,    electrical  burns  or  DEATH. 

There  arv^  two  types  of  electrical  current:      direct  current   (DC)    and  alternating 
current    (AC).      Direct   current  represents  electron   flow  through  a  circn=^    in  one 
tlirection  only;    from  the  negative  side  of  the  power  source,    throufjh  t- circuit  to  the 
positive   side  of  the   power   source.     This   is   the  type  of  current  produced   by  a  battery. 
Alternating  current   represents  electron  flow  in  alternating  directions.      (Current  flow 
is   still   negative  to  positive.)     Alternating  current  begins   its  cycle  in  one  direction 
l^ut   then  as   though   someone  gives  out  the  command   "TO  THi:  REAR.  .  .MARCH,  "   the  electrons 
l^egin  to    flow  in  the  opposite  direction.      A  complete  cycle  is  called  a  Hertz  (Hz). 
American  power  companies  provide  alternating  current  at  60  Hz  while  European  power 
companies   generally   provide  50  Hz.      This   type  of  current   is  provided  by  alternating 
current  generators. 


G 


AC 

gericrator  (y] 


DIRECT  C.'IUir'T 


AiTEnT'ATp:G  a'rj:i:;T 
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RESISTANCE 


Resistance  is  a  term  used   in  electricity   to  describe  opposition  to  <:iirrt»nt  flow. 

An  amount  of  resistance   is  measured   in  ohms   i"^^)  with  an  ohmmtiter.  All   materials  i)fr»»r 

resistance  to  current   flow  but  differences  in  atomic  structure  allow  sono  matc^ritils  to 
have  more  resistance  than  others. 

Materials  that  have  high  resistance   to  current   flow  are  known  as  Insulators.  Air, 
rubber,   and  plastic  are  examples  of  insulators.     It  is  interesting  to  note   that  even  the 
best  insulators  will  conduct  current  if  the  amount  of  electrical   pressure  is  high 
enough.   Materials  that  have  low  resistance  are  known  as  conductors.     Copper,  aluminum 
and  mercury  are  examples  of  conductors. 

Similarities  exist  between  a  water  system  and  an  electrical   system.      In  a  wat<?r 
system,  water  flow  is  limited  by  the  size  of   the  pipe.     A  small  diameter  pipe  or  a  long 
length  of  pipe  offers  a  lot  of  resistance  and  as  a  result  only  a  small  amount  of  water 
can  flow  through  it.      In  an  electrical  system,   current   flow  is   limited  by   the  slv?;o  of 
the  wire  and  *- /   t^^^  ^-^ectrical  devices  in  the  circuit.      A  small  diameter  wire  off(?rs  a 
lot  of  resistai         nr    <^i^  a.  result  only  a  small  amount  of  electrical    ^'urr   •  f   oan  flow 
through  it. 


ELECTRICAL  WIRING  PRACTICES 

In  the  repair  of  heating  equipment,   the  technician  must  sometimes  choose   from  a 
variety  of  different  wire   sizes;    each  designed   for  certain  conditions  and  each  capable 
of  carrying  a  limited  amount  of  current.     Too  large  a  conductor  may   involve  unnecessary 
installation  expenses  while  too  small  a  wire  might  create  a   fire  hazard  or  poor  equip- 
ment performance.     The  right  choice   is  always  a  wire   large  enough  to  carry  the 
electrical   load  safely. 

The  National  Electrical  Code  book  should  be  consulted   to  determine  which  wire  si'/;o 
should  be  used   for  a  part icul ar   Toad.     This  reference  book  contains  complete  information 
such  as  wire  current  capacity,   circuit  overload  protection  and  other  subjects  related  to 
safe  wiring  practices.     For  those  unfamiliar  with  its  use,    the   final  chapters  provitie 
examples  of  how  it  can  be  used  and  also  indicates  where   information  can  be   located  in 
the  book.      Recognized  nationally  by  all  Air  Force  and  civilian  authorities,    this  book 
should  be  used  as  a  guide  for  all   electrical  wiring  practices. 

Wire  size  can  be  measured  by  using  the  American  Wire  Gauge   (AWG).     The    figure  below 
shows  a  picture  of   the  gauge.     Wire   is  measured  by  determining   the  smallest  opening  the 
conductor  will  pass  through  the  slots  on  the  side  without  binding.      Each  opening  is 
numbered  to  indicate  the  corresponding  wire  size.     The   larger   the  wire,    the  smaller  the 
number  used   to  represent   the  wire  size.     The  gauge  Is  normally  not  necessary  when 
checking  new  wire  becai^       most  wire  manufactured   today  has   the  wire  size  pr' ated  on  it. 
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Each  wire  size  has  the  ability  to  carry  a  limited  amount  of  current-     The  chart 
bo low  shows   the  maximum  safe  current  capacity  for  copper  and  aluminum  wire  at  different 
«izes  up  to  50  feet  in  length. 


WIRE  SIZE 
(AWG  ) 


No.  14 

No-  12 

No-  10 

No.  8 


CURRENT  CAPACITY  OF  WIRE  (AMPERES) 
COPPER  ALUMINUM 


15 
20 
30 
40 


15 

25 
30 


The  wire  size  is  the  minimum  gauge  that  should  be 
used   for  the  amperage  listed-     Lengths  greater  than 
50  feet  require  a  larger  wire  size. 


Wire  Size  and  Current  Capacity 
PIIOBLKM:      Find   the  maximum  current  capacity  of  a  number  14  AWG  copper  wire. 
SOLtlTION:     The  maximum  current  capacity  of  a  number  14  AWG  copper  wire  is  V5  amps. 


Al*    replacement  wire  used  on  electrical   equipment  should  be  the  same  type,   size  and 
color  as  the  original.     Using  the  proper  wire  color  helps  to  standardize  wiring 
procedures  and  also  aids  in   identifying  and   tracing  wires.      Installers  of   line  voltage 
wiring   (above  50  volts  AC),   have  generally  accepted   that  green  or  bare  conductors  are 
used   for  ground  wires,   white  is  used   to  represent  grounded   neutral  wires  and  other 
colors  are  used   to  represent  the  "hot"  wires.  ^  - 


To  make   repairs  on  heating  equipment,    it   is  sometimes  necessary   for  you  to  make 
various  typos  of  connections  or  splices.     Normally,   screw  terminals,   soldered  splices, 
or  mechanical   connectors  of  some  sort  are  used   to  connect  wires  to  switches,  motors, 
appliances,   and  so  on. 

All  electrical  connections  must  be  mechanically  and  electrically  secure. - -A  poor 
olectrtcal   connection  can  cause  a  fire  or  serious  damage  to  the  equipment.  Electrical 
connections  must  conduct  electricity  as  easily  as  a  continuous  wire- 
Before  a  wire  or  cable  can  be  attached   to  a  device,    there  should   be  no  insulation 
at  the  point  of  connection.     As  you  gain  experience,   the  removal  of  the  proper  amount  of 
insulation   for  each  connection  will   become  automatic.     A  knife   is  generally  used  to 
r.-move   insulation   from  large  wires,   however,    for  small  wire  a  V7ire  stripping  tool  or 
wiring  tool  may  be  used.     When  you  remove   insulation   from  a  wire,   be  careful   that   you  do 
not  cut   into  the  wire   itself.     A  nick  may  cause  the  wire  to  break  after   it  is  installed. 
A  deep  nick  or   scratch  reduces  the  current  carrying  capacity  of  the  wire.     After  the 
insulation  is  removed,   the  wire  may  be  burnished   (scraped)   with  a  knife  or  fine 
sandpaper  to  remove  any  bits  of   insulation  and  oxidation  remaining  on  the  wire. 


EKLC 


1-11 

197 


when  connecting  wire  to  screw  terminals,   use   long  nose  pliers  to   form  a   loop  or  eye 
in  the  bare  end  of  the  wire.     Examine  the  screw-terminal  loop  below.     Nvotice  how  the 
loop  is  placed  around  the  screw.     As  the  screw  is  tightened,    it  tends  to  close  the  loop. 
If  the  wire  is  not  placed  on  the  screw  in  this  manner,   the  loop  tends  to  open  when  the 
screw  is  tightened.     When  making  this  type  of  connection,    the   insulation  must  cover  the 
wire  close  to  the  terminal.     Too  much  exposed  wire  becomes  hazardous  and  can  cause 
electrical  problems. 


\^CKick  y-o'^e  nier;. 


Screw-Tcr:.  i  '  .c-T  : 


Soldered  connect  ions  are  sometimes  used  to  join  wires.     Solderin^j   involves  thf? 
joining  of  metals  by  adding  another  metal   to  bond  them  together.     Electrical  work 
requires  solder  composed  of  60%  lead  and  40%  tin  with  a  resin  core.     The  rcrsin   is  used 
as  a  flux  to  clean  the  metal  as  it  is  joined;  other  types  of   flux  will  cause  corrosion. 
Heat  is  applied  to  the  joint  to  be  soldered  by  either  a  soldering  gun  or  soldering  iron. 
The  figures  below  show  examples  of  a  soldering   iron  and  a  soldering  gun.     Once  a 
soldered  splice  has  been  made,    it  must  be   insulated  with  electrical  tape  to  prevent  the 
bare  wires  from  touching  the  metal  box  and  causing  electrical  trouble.      Electrical  tape 
should  be  applied   in  layers  to  provide  the  same  amount  of  insulation  as  the  insulation 
on  the  remainder  of   the  wire. 


New  crimp  type  wire  connecters  are  becoming  popular  for  service  and  repair  work. 
Wires  are  stripped  then  inserted  into  tae  metal  sleeve  of  the  connector  then  crimped 
with  a  wirimj  tool.     Care  should  be  taken  not  to  cut  through  the  outer  plastic  covering. 


Solder less  "cr imp"  connectors 

Anoth'ir  method  of  joining  wires   involves  the  use  of  spring  type  connectors  commonly 
called  "wire  nuts.''     This  type  of  connector  uses  a  plastic  cap  with  a  metal  spring 
inside.     When  the  bare  ends  of   two  or  more  wires  are   inserted   into  the  connector  and  the 
wire  nut  twisted,   the  spring   firmly  grips  the  wire  and  makes  a  good  electrical  contact. 


Wire  Nut 

Special  wire  connectors  are  required  when  joining  aluminum  and  copper  conductors. 
The  use  of   improper  connectors   for  these  two  dissimilar  metals  will  lead  to  fire  or 
r^quipment  failure. 

The  techniques  used  to  make  electrical  connections  often  require  practice  but  once 
mastered,   .\  technician  can  make  very  quick,   neat  and   safe  connections. 


CONTROLLING  ELKCTRICITY 


i:iect r ic I ty  from  the  power  company  enters  a  building  through  the  service  entrance. 
If  you   look  «it  a  service  entrance,    you  will  probably  see  a  number  of  wires  coming  from  a 
arby  utility  pole.     The  wires  come  down  the  side  of  the  building  inside  a  pipe   to  the 
ectric  meter.     Just  below  the  electric  meter,    they  90  through  a  wall  of   the  building 
ito  the  main  service  panel.     The  main  service  panel  may  consist  of  either  main  fuses  or 
circuit  breakers.     As  the  power  leaves  the  "main"    it   is  distributed  to  separate 
individual  branch  circuits,   each  having  its  own  fuse  or  circuit  breaker. 


Service  Entrance  Conductors 


If"  T_ 


MAIN   OJSCONNtCT  SWITCH 


CONNHCT  in 
CWMINDI  NC 
ELKCl KODK 


?^0V  BRANCH 
CIKCIIIT  — 


NEUTRAL  BUS 


GROUNDING  BUS 
(BONDED  TO  PANEl.BUARD 
CASE  AND  NEUTRAL  BUS) 
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The  heating  specialist  is  not  involved  with  installation  or  maintenance  of 
electrical  distribution  systems  but  does  have  a  need  to  become   familiar  with  the 
operation  of  electrical  devices  that  are  used  to  control  heating  equipment.     This  lesson 
is  designed  to  help  you  understand  how  electricity  can  be  controlled  by  switches,  fuses 
and  circuit  breakers. 


Switches 

A  switch  is  one  of  the  simplest  devices  used  to  control   electricity.     The  purpose 
of  a  switch  is  to  start  and  stop  current  flow.     Mercury  and   snap-action  type  switches 
are  commonly  used  to  control  heating  equipment. 


Snap-action  switches  vary  in  design.     Some  are  made  so  that  the  movement  of  a  lever 
causes  a  spring  or  magnet  to  move  the  switch  contacts  with  "snap-action."     The  contacts 
of  some  snap-action  switches  may  be  cleaned    (if  accessible)   by  using  special  spray 
contact  cleaners,   burnishing  tools,   or  crocus  cloth.     Care  must  be  taken  not   to  damage 
switch  contacts  by  improper  cleaning.     Dirty  or  improperly  cleaned  contacts  will    lr>ad  to 
eventual  switch  failure. 

Mercury  switches  have  electrical  contacts  and  a  small  amount  of  mercury  sealed   in  a 
glass  tube.     Tilting  the  tube  causes  the  mercury  to  cover  or  uncover  the  switch 
contacts.      CAUTION:     Mercury   is  a  toxic  substance  and  should  not  be  handled! 

Electrical  current  will   flow  through  a  switch  when   the  contacts  are  in  the  closed 
or  "on"   position.     When  the  contacts  of  a  switch  are  in   the  open  or  "off"   position,  the 
air  gap  between  the  contacts  will  prevent  current  flow.     Some  switches  are  designed  to 
be  normally  open    (NO)   or  normally  closed    (NC).     When  replacing  electrical  switches, 
always  replace  them  with  the  same  voltage  and  amperage  ratings  as  the  original. 


HOT 


12^ 


HOT 


am'CH  OPEN  (OFF) 


SWITCH  CLOSED  (CM) 


Electrical  switches  are  used   in  various  types  of  heating  controls  such  as: 

Thermostats  Control  Relays 

Aquastats  Motor  Starters 

Pilotstats  Feedwater  Controls 

Limit  Controls  Pressure  Controls 

Fan  Controls  Humldistats 
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circuit  Protective  Devices 


Kusos  and  circuit  breakers  are  designed  to  protect  circuits  from  too  much  current 
flow.     A  circuit  with  too  much  currant   flow  will  become  overheated  and  may  become  a 
serious  fire  hazard.     The  voltage  and  the  current  of  the  circuit  being  protectee?  will 
determine  the  typo  and  size  of  fuse  or  circuit  breaker  used.     All  circuit  prot. 
devices  are  rated   in  volts  and  amps  and  are  designed  to  be  the  weakest  "link"  i 
•electrical  circui  t . 


Fuses: 


There  are  several  different  types  of   fuses;  each  containing  a  fusible  link  that 
will  melt  or  "blow**   if  too  much  current   is  applied.     One  type  of  fuse   is  called  a  "plug" 
or  screw  type  fuse.     A  plug   fuse  contains  a  fusible  link  enclosed  within  a  housing  which 
is  screwed   into  a  socket  similar  to  a  lamp  socket.     They  provide  overload  protection  to 
circuits  of   125  volts  or  less  and  are  restricted  to  currents  of  up  to  30  amps. 


EDISON  LASE 


ADAPTER 


TYPE  S 


Plug  Fuses  and  Adapter 

Cartridge   type   fuses  contain  a  fusible   link  enclosed  within  an   insulated  cartridge 
housing  with  conductive  metal  ends  designed  to  clip  or  "snap"    into  a  fuse  holder. 
Cartridge  fuses  are  available  in  various  voltage  and  amperage  ratings.     Fuses  of  the 
same  amperage  rating  but  different  voltage  will  vary   in  length;   the  higher  the  voltage^ 
the  longer  the   fuse.     When  a  fuse  »*blowSy"   the  resulting  air  gap  must  have  enough 
resistance  to  stop  current  flow.     Cartridge  type  fuses  are  either  renewable  or  nonrenew- 
able.    A  blown  nonrenewable  fase  must  be  replaced;  a  renewable   fuse  can  be  disassembled 
and  the  blown   link  replaced. 


CARTRIDGE  FUSE  WITH 
fERRULE  CONTACTS 


CARTRIDGE  FUSE  WITH 
KNIFE-*'  *ADE  CONTACTS 


cartridge  Fuses 

Some  circuits  require  a  time-delay  fuse.     Motor  circuits  often  utilize   fuses  with  a 
time-delay  feature  to  allow  the  motor  to  momentarily  draw  an  excessive  amount  of  current 
necessary  ^t  start-up.     Plun  and  cartridge  type  fuses  are  available  with  a  time-delay 
feature . 

Safe  electrical  practices  must  be   followed  when  installing  and  replacing  fuses. 
Electricians  are  responsible  for  the   initial   installation  of  fuses  but  the  b  ting 
specialist  may  be  called  on  to  replace   "blown"  fuses. 

A  blown    fuse   in*.Hcates  tiiat  something   is  wrony _and_the  problem  mu^^^ 
The  proper   selection  bf"^  fuses  canTDecome  complicated  and  might  demand   the  attention  of 
an  electr icir^n.      If  the  blown   fuse   is  known  to  be  the  right  size  and  type  then  it  must 
be  replaced  by  an    identical  fuse. 
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Cartri<3ge  fuses  are  often  found  in  fused  safety  switch  boxes   (fuse  box).     A  special 
fuse  puller  is  used  to  remove  and  Install  fuses. 


When  replacing  fuses  in  a  fused  safety  switch,    the  following  procedures  should  be 
followed : 


1,      De-energize   fused  safety  switch  by  moving  the  switch  handle  to  the  OFF  position. 

(CAUTION:  A  portion  of  the  safety  switch  will  still  be  "hot"  even  with  the  switch 
in  the  off  position.) 


2.     Perform  a  visual  inspection  of  the  safety  switch: 

a*     Construction  features 

b.  Maximum  amperage  rating  of  switch 

c.  Type  and  amperage  rating  of  fuses 

d.  Electrical  connections 
Cleanliness 


3.      Grasp  each  fuse  with  fuse  puller  and  remove  them  from  the  fuse  holders. 


4.      Select  replacement  fuses. 


5.      Install  each   replacement   fuse  into  the  fuse  holders.     A  distinctive   "snap"  will  he 
heard  and  felt  to  indicate  that  the  fuse  is  secure. 
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c:ircuit  Breakers 


/A 


Circuit  breakers  are  overload  devices  designed  to 
automatically  trip  or  open  the  circuit  at  a  predetermined 
amperage  withou*:  injury  to  itself.     When   it  opens  a 
circuit   it  can  be   ceset  by  moving  a  handle,   pushing  a 
button  or  other  device.     There  are  many  types  of  circuit 
breakers. 

One  type  of  circuit  breaker   is  the  therraal  type.  It 
uses  a  bimetallic  strip  as  its  trip  devic^       As  current 
flows  through   this  stri:^  or   is  heated   indir  ^  :tly  by 
current  flowing   in  a  heater  coil,    the  bime'.Hlc  strip 
bends.     When  the  strip  bendsr    it  releases  a  catch  allowing 
.1  spring-activated  mechanical  device  to  operate.     As  the 
mechanical  device  actuates,    it  opens  a  set  of  contacts  and 
stops  curr;t?nt   flow.     The  circuit  breaker  will   now  have  to 
b.>   reset   to  reclose  the  contacts  and  allow  current  to 
E  low . 


Circuit  bre«kc>  ptnel. 


The  bimetallic  strip  in  a  20  amp  circuit  breaker  is  designed  to  carry  20  amps  of 
current  without  heating  enough   to  bend.      If  21  amps  of  current  should   flow  through  the 
strip,    it  would  begin  to  heat  and   slowly  bead  eventually  releasing  the  catch.     A  larger 
overload  ten<is   to  overheat  the  bimetallic  strip  quicker,    releasing  the  catch  faster. 


A  tripped  circuit  breaker   indicates  that  something   is  wrong  and  the  problem  must  be 
corrected .     Heat ing  special ists  are  sometimes  called  on  to  reset  circuit  breakers  but 
the   installation  and  maintenance  of  circuit  breakers  is  performed  by  electricians. 
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COMMON  ELECTRICAL  SYMBOLS  USED  IN  ELECTRICAL  DIAGRAMS 


NOTE:     Electrical  symbols  are  used  to  represent  components  used  In  electri- 
cal equipment.      In  the  heating  career  field  you  will   be  examining 
diagrams  of  equipment  produced  by  a  variety  of  different  companies- 
While  you  should  learn  the  common  symbols  on  this  page,   keep  in  mind 
that  some  manufacturers  use  symbols  that  are  different  from  those 
shown.     Many  electrical  diagrams  have  legends  to  let  you  know  what 
each  symbol  represents. 


lamp 


AC  generator 


ground 


SPST  switch 

(single  pole-fi ingle  throw) 


circuit  breaker 


fuse 


AC  motor 


j  thermocouple/ thermopile 


battery 


ammeter 


coll 


temperature  switch 


normally  open  contacts 


vol tmeter 


pressure  switch 


capacitor 


ransf ormer 


electrode 


normally  closed  contacts 
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SUMMARY 


ObHc^rvancc^  and  ondorsomcnt  of  safety    Miles  will   prevent  accldentn  and  improve 
working  conditions.     Accident  prevention  is    ^   part  of  all  operations,   not  a  separate 
Job.     Eacii       rson  is  responsible  for  ob  -^rvin^  safety  rules  and  trying  to  prevent 
accidents.      Riili      cannot  be  written  to  .    ^or  every  instance,   good  judgement  by  all 
personnel    .s  isrr.tial. 

Sc  iontl5=;r.  broken  down  matter  into  more  than  100  different  substances  called 

olementR.     The  smaixest  part  of  an  element  is  the  atom.     An  atom  is  made  up  of  protons, 
neutron     an<^   i        irons.      An  electron  has  a  negative  electrical  charge. 

Under  normal   conditions,   atoms  are  balanced.     Atoms  that  have  become  unbalanced  are 
electrically  charKed-     An  atom  that  has  gained  electrons  is  considered  to  be  negative. 
An  atom  that  has  lost  electrons   is  considered   to  be  positive. 

The  Electron  Theory  states  that  electrical  current  will   flow  from  a  negative  charge 
to  a  positive  charge. 

Voltage  is  the  electrical  energy  or  "electron  moving  force"  produced  by  negative 
and  po5^itive  electrical  charges.     Several  devices  can  be  used  to  produce  voltage  by 
changing  some  form  ol  energy  into  electrical  energy.     A  thermocouple  converts  heat 
energy    into  electrical  energy,   a  battery  converts  chemical  energy  into  electrical 
energy,   while  a  mechanical  generator  converts  mechanical  energy  into  electrical  energy. 

Current  is  a  term  used  to  describe  the  rate  of  electron  flow  from  a  negative  to  a 
positive  electrical  charge.     The  amount  of  current  flow  through  a  wire  is  measured  in 
amps.     Direct  current  travels  in  one  direction,  while  alternating  current  travels  in 
alternating  directions. 

Insulators  have  a  high  amount  of  resistance  to  current  flow  while  conductors  have 
low  resistance.  Air,  rubber  and  plastic  are  examples  of  insulators.  Copper,  aluminum 
and  mercury  are  examples  of  conductors. 

The  National  Electrical  Code  (NEC)  book  is  used  as  a  reference  for  determining  wire 
current  capacity,   circuit  overload  protection  and  other  subjects  related   to  safe  wiring 
practices.     Each  wire  size  has  the  ability  to  carry  a  limited  amount  of  current.  All 
replacement  wire  used  on  electrical  equipment  should  be  the  same  type,   size  and  color  as 
the  original.     All  electrical  connections  must  be  mechanically  and  electrically  secure. 

Switches,    fuses  and  circuit  breakers  are  used  to  control  electricity.     All  devices 
used  to  control  electricity  have  maximum  voltage  and  amperage  ratings.     Switches  are 
designed  to  start  and  ntop  current   flow.     Two  common  types  of  electrical   switches  are 
thG  "snap-action*'  and  mercury  type.     A  switch  in  the  open  posltiou  is  "off"  while  a 
switch  in  the  closed  position  is  "on." 

Fuses  and  circuit  breakers  are  designed  to  protect  circuits  from  too  much  current 
llow.     A  circuit  is  a  complete  path  for  current  flow.     A  circuit  with  low  resistance 
will  have  high  current  flow.     An  excessive  amount  of  current  will  cause  fuses  to  "blow" 
or  circuit  breakers  to  trip.     A  blown  fuse  or  tripped  circuit  breaker  indicates 
something  is  wrong  ani  the  problem  must  be  corrected. 
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THEORY  OF  MAGNETISM  AND  TRANSFORMERS 


ORJECTTVK: 

Given   Information,    identify  basic   facts  relating  to  the  theory  of  magnetism  and 
transformers,   by  correctly  answering  70%  of  the  questions. 


INTRODUCTION: 

In   this  unit  you  will   receive  practical   information  concerning  electromagnetic 
(loviceK  used  In  heating  systems  including  solenoid  valves,   control   relays,   lov  vol  taj^e 
control   transformers  and  high  voltage  ignition  transformers. 

The  material   in   this  unit  is  presented  under  the  following  main  topics: 

-  MAGNETISM 

-  ELECTROMAGNETISM 

-  SOLENOID  VALVES 

-  CONTROL  RELAYS 

-  TRANSFORMERS 
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INFORMATION: 

MAGNETISM 

Magnetism  refers  to  the  ability  of  an  object  to  attract  materials  that  contain 
Iron.       One  theory  explains  that  all  matter  Is  made  up  of   t i ny  magnetized  particles.  If 
the  magnetized  particles  are  arranged  In  the  same  direction,    the  material   1«  considered 
to  be  magnetized. 


NON-MAGNETIZED 


cr-i  eao  otd  e-j  e: 


■a  an  mzi  wzd 


■  N, 


COMPLETELY  MAGNETIZED 


The  Invisible  magnetic  force  surrounding  a  magnet  Is  called  a  magnetic  field. 
Magnetic   fields  are  made  up  of  "lines  of   force.'*     Magnets  have  two  areas  of  highly 
concentrated   lines  of  force  called  poles.     Each  one  has  a  north  and  south  pole.     On  the 
outside  of  a  magnet,    lines  of  force  extend   from  the  north  pole  toward  the  south  polo. 
When  two  of  them  are  placed  together;    like  poles  will  repel  while  unlike  poles  will 
attract . 

The  ability  of  a  magnet  to  affect  an  object  Is  known  as   Induction.     Magnetism  can 
be  Induced   Into  some  materials  by  placing  them  In  a  magnetic   flald.      If   the  material  is 
removed  from  the  magnetizing  field  and  continues  to  be  magnetized,   11  is  considered  to 
be  a  permanent  magnet;    if  not,   the  material  was  only  temporarily  magnet  ii?;ed . 

ELECTROMAGNET ISM 

Magnetism  produced  by  electricity  is  called  elect romagnet ism.     When  electric 
current  flows  through  a  conductor,   a  magnetic  field  is  produced.      If  the  amount  of 
current  through  a  conductor  were  increased,   the  magnetic  field  would   increase.  The 
magnetic  field  can  also  be  Increased  by  colling  or  "looping"  the  conductor  and  by 
placing  an  iron  core  inside  of  the  coll.     To  be  useful,   electromagnets  are  designed  to 
be  only  temporarily  magnetized.     A  specially  designed  iron  core  placed   in  an 
electromagnetic  coll  will   lose  its  magnetism  when  the  current   flow  stops  and  the 
magnetic  field  disappears. 
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SOLENOID  VALVES 

A  solenoid  valve  is  ati  electrically  operated  valve  designed  to  control  the  flow  of 
water,   oi I ,   or  gas, 

A  basic  solenoid  consists  of  a  coil  of  wire,   an   iron  plunger,   a  spring,   and  a  valve 

body  • 


solenoid  action,    internal  view  and  picture  of  solenoid  valve 


When  a  solenoid  coil   is  energized,   it  will  produce  magnetism  that  will  ^^^^^^^^^^.^ 
movoable  iron  plunger;   allowing  water,   oil,   gas  (or  other  substance)  ^^^/i^^^^*^^^"? 
valve  body.     When  the  coil   is  de-energized,   the  plunger  will  fall  back  into  the  valve 
body  to  shut  off  the   flow.     The  spring  will  help  to  prevent  the  valve  from  leaking. 

Most  solenoid  valve  problems  can  be  placed  under  one  of   four  categories: 

-  valve  will   not  open 

-  valve  will   not  close 

-  valve  is  noisy   (commonly  caused  by  a  lack  of  voltage) 

-  vulvo  coil  has  no  continuity  (burned  out) 

Solenoid  valves  are  designed  with  a  special  purpose  in  mind.     Read  the  data  plate 
on  replacement  solenoid  valves  to  determine  what   it  was  designed  to  do. 

Typical  Solenoid  Valve  Data  Plate: 


CLICKER  SOLENOID  VALVE  CO. 


24   VAC  60  Hz 

.6A 

FOR  GAS  USE  ONLY 


...This  solenoid  valve  requires  24  VAC,  60  Hz 

...This  solenoid  valve  is  expected  to  have  .6 
amps  of  current  when  energized . 
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CONTROL  RELAYS 


A  control  relay  Is  an  electrically  operated  switch. 

A  basic  relay  consists  of  a  coil  of  wire,   an  iron  armature,   a  i^pring  and  switch 
contacts. 


When  a  relay  coil   is  energized,   it  will   produce  magnetism  that  will  attract  a 
moveable  armature;   opening  or  closing  the  contacts.     A  relay  that  has  contacts  in  the 
open  position   (when  the  coil  is  de-energized)   is  considered  to  be  normally-open  (NO). 
The  opposite  holds  true  for  a  normally-closed   (NC)   relay.     Some  relays  have  both 
normal ly-open  and  normally-closed  contacts. 

Most  control   relay  problems  can  be  placed  under  one  of  four  categories. 

— contacts  will  not  open 
— contacts  will  not  close 

— relay  is  noisy  (commonly  caused  by  lack  of  voltage) 
— coil  has  no  continuity  (burned  out) 

There  are  many  applications  for  control   relays  in  heating  systems.     Relays  are 
available  in  many  different  types,  sizes  and  shapes.     Heavy-duty  relays  are  sometimes 
called  magnetic  contactors.     Always  check  the  data  plate  to  determine  the  coil  operating 
voltage,  the  current  rating  of  the  switch  contacts,  and  other  information  that  might  bo 
useful . 

Typical  Control  Relay  Data  Plate: 


Control  Relays  and  Connection  Diagrams 


CLICKER  RELAY  CO. 


coil: 


24 VAC  50/60  Hz  .5A 


...This  relay  requires  24  VAC,   and  will 
operate  at  .50  or  60  Hz. 


contact  rating:     4  amps  at  120  VAC 

2  amps  at  240  VAC 
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TRANSFORMRHS 


In  ordor  to  supply   the  correct  amount  of  voltage   for  some  equipment,   it  Is  some- 
times n<icessary   to  step  the  available  voltage  down  or  step  it  up.     A  device  that  changes 
alternating  current  from  one  voltage  to  another  is  called  a  transformer. 

A  basic  transformer  consitsts  of  two  separate  coils  of  wire.     The  primary  coil  of  a 
transformer  is  connected  to  the  power  source.     The  secondary  coil   is  connected  to  the 
load  devic      it  supplies  power  to. 


Theory  of  transformer  operation: 

When  an  alternating  current   flows  through  a  coil 
of  wire,   an  alternating  magnetic   field  is  produced 
around   the  coil.     If  an  iron  core  is  placed  inside 
the  coil,   the  magnetic  field  will  be  concentrated  on 
each  end  to   form  magnetic  poles. 


If  a  second  cell  of  wire  is  placed  in  an  alternating  magnetic  field,   the  magnetic 
field  will  pass  or  "cut"   through   it.     The  energy  of  this  moving  magnetic   field  causes 
eU^ctrons  in  the  second  coil   of  wire  to  move  in  alternating  directions.     A  transformer 
the  ability  to  transform  or  change  moving  magnetic  energy  into  electrical  energy. 


has 


Transformer  ra ties 

The  ratio  of  turns  or  loops  in  the  primary  and  secondary  coils  will  determine 
whether  the  transformer  output  voltage  will  be  "stepped  down**  or  "stepped  up.'*  A 
transformer  that  has  a  fewer  number  of  turns  in  the  secondary  will  step  voltago  down.  A 
transformer  that  has  a  higher  number  of  turns  in  the  secondary  will   step  the  voltaj^e  up. 


A  transformer  does  not  produce  free  electricity.     The  power   that  can  be  delivered 
^y  a  transformer  will  be  relatively  the  same  as  the  amount  of  power  it  consumes. 

PR0BLE?4  1     How  much  wattage  does  this  transformor  consume? 

PROBLEM  2     How  much  wattage  can  this  transformer  deliver? 


CORE 


CORL 


Step- Down  Transformer 


Step-Up  Transformer 


SOLUTION  1 


This  transformer  consumes  30  watts. 


(120  volts  X    .25  amps) 


SOLUTION  2     This  transformer  can  deliver  30  watts.     (24  volts  X  1.25  amps) 
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COMMON  TRANSFORMERS  USED  IN  HEATING  SYSTEMS 


Low  Voltage  Control  Transformers 

Low  voltage  control   transformers  step  voltage  down  to  approximately  24  volts.  The 
output  of  this  type  of   transformer  is  used  as  a  power  source  for  low  voltage  control 
circuits  (under  50  VAC).     Low  voltage  circuits  are  safer  than  line  voltage  circuits. 


Low  Voltage  Control  Transformer 


Typical  Low  Voltage  Control  Transformer  Data  Plate: 


BUZZ  TRANSFORMER  CO, 


PRI     120  VAC     60  Hz 
Bk-Wht 


SEC     24  VAC       60  Hz 
Blu-Yel 


3  0  VA      (VOLT/ AMPS) 


Class  II 


UL  Listed 


.This  transformer  requires  120  VAC,  60  Hz. 
connected  to  the  black  and  white  primary  leads. 

.This  transformer  has  a  24  VAC,  60  Hz.  output  on 
the  blue  and  yellow  secondary  leads. 

.The  maximum  amount  of  power  this  transformer  is 
designed  to  deliver  is  30  watts. 

.This  transformer  meets  the  requirements  for  a 
class  II  electrical  system  (control  voltage 
power  supply)  and  has  passed  certain  safety 
requirements  of  Underwriters  Laboratory. 
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High  Voltage  Ignition  Transformers 

High  voltage  Ignition  transformers  step 
voltage  up  to  approximately  10,000  volts.  The 
output  of  this  type  of  transformer  is  used  to 
ignite  fuel  with  an  electrical  arc. 


Typical  High  Voltage  Ignition  Transformer  Data  Plate: 


r 


ZAP  TRANSFORMER  CO. 
PRI:     120  VOLTS       60  HERTZ 


SECONDARY:      10,000  VOLTS 
23  M.A. 


.The  maximum  current  output  of  this 
transformer  is  23  milll-amps  (.023  amps) 
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SUMMARY 


Any  material   attracted   by  a  magnet  is  a  magnetic  material.     The  ability  of  an 
object   to  attract  iron  or  steel   is  known  as  magnetism.     The  invisible  magnetic  force 
surrounding  a  magnet  is  known  as  the  magnetic  field.     Unlike  poles  of  a  magnet  attract. 
A  magnetic  material  is  believed  to  consist  of  millions  of  tiny  magnets.     Some  materials 
become  magnetized  when   In  a  magnetic   field.      If  the  material   is  no   longer  magnetized 
when  the  magnet  is  taken  away,   the  materials  are  considered  to  be  temporary  magnets. 

Magnetism  produced  by  electricity  is  known  as  electromagnetism.     When  electric 
curr     t  flows  through  a  conductor,   a  mac^netic  field  is  produced.     An  electromagnetic 
dov     e  becomes  a  magnet  when  energized       When  the  current  flow  through  an  electromagnet 
stops,    it  will   lose  its  magnetism. 

An  electrical  device  that  is  designed  to  control  the  flow  of  water,  oil  or  gas  is 
known  as  a  solenoid  valve. 

A  control   relay  is  an  electrically  operated  switch.     The  moving  part  of  a  relay  is 
known  as  an  armature.     A  relay  that  has  contacts  in  the  open  position  when  the  relay 
coil   is  not  energized  is  considered  to  be  normally  open. 

A  device  that  changes  alternating  current  from  one  voltage  to  another  is  a 
transformer.     The  primary  coil  of  a  transformer  is  connected  to  tue  power  source.  The 
secondary  coil  of  a  transformer  is  connected  to  the  load  device-.     A  transformer  that  has 
a  higher  number  of  turns  of  wire  in  the  secondary  coil   is  considered  to  be  a  step-up 
transformer.     A  low-voltage  control   transformer  steps  voltage  down.     A  high-voltage 
ignition  transformer  steps  voltage  up. 


TOTES 
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TYPES   AND  CHARACTERISTICS  OF   ELECTRICAL  CIRCUITS 


OBJECTIVES: 

Given  information,   identify  basic  facts  relating  to  types  and  characteristics  of 
electrical   circuits  by  correctly  answering  70%  of   the  questions^ 

Using  electrical  circuit  trainer,   construct  electrical  circuits,  with  a  maximum  of 
two  instructor  assists. 

INTRODUCTION: 

In  thi«  unit  you  will    learn  the  requirements   for  an  electrical  circuit  and  the 
fundamental    law;   Ohm's   law  which  describes   Its  operation.     You  will   also  if^f^^J^^, 
make  calculations  involving  basic  electrical  circuits-     The  calculations  will   enable  you 
to  determine  the  amounts  of  resistance,   current,   voltage,   and  power  ^^^^suraption  to 
oxpect  in  an  actual   operating  circuit.     Lastly,   you  will   learn  how  to  connect  simple, 
sories,    parallel   and  series-parallel  circuits  on  a  trainer. 

The  material   in  this  unit  is  presented  under   the  following  main  topics: 

-  BASIC   ELECTRIC/ ^  CIRCUITS 

-  OHM'S   LAW   FOR  DC  CIRCUITS 

-  CHARACTERISTICS  OF  SERIES  AND  PARALLEL  CIRCUITS 
INFORMATION: 

BASIC  ELECTRICAL  CIRCUITS 

An  electrical   circuit   is  a  complete  path  for  current  flow.     The  three  basic 
requirements  of  an  electrical  circuit  are: 


-  Source  of  power 


-  Conductors 


-  Load  device 


BATTERY 

(SOURCE  OF  POWER)  — 


LIGHT 

(LOAD  DEVICE) 


Electrical   circuits  can  be  divided  into  four  general  types;   simple,  series, 
parnllol,   and   series  parallel. 

-  SIMPLE  CIRCUIT. • .One  path   for  current  and  one   load  device. 


-  SERIES  CIRCUIT, . •One  path  for  current  and  two  or  more  load  devices. 


-  PARALLEL  CIRCUIT .Two  or  more  paths  for  current  with  ore  load  device  in  each 

path. 


-  SERIES-PARALLEL  C IRCU IT ...  Combination  ot  series  and  parallel  circuits- 


OHM'S  LAW  FOR  DC  CIRCUIT 


In  the  early  1800*s,   Professor  George  Ohm,   published  the  results  of  his  research  in 
electricity.     Using  instruments  invented  and  built  by  himself,  Professor  Ohm  had 
discovered  a  mathematical  relationship  between  vol^-age,   current  and  resistance  in  an 
electrical  circuit.     Ohm  summarized  his  work  with  equations  which  are  now  referred   to  as 
OWm's  Law.     Ohm*s  Law  is  used   to  make  predictions  concerning  voltage,   current  and 
resistance  in  an  electrical  circuit. 

In  Ohm*s  Law  equations,   the  letters  E,   I,   and  R  are  used  to  represent   the  three 
electrical   factors  of  an  electrical  circuit.     The   letter  E  is  used  to  represent  the 
electron  moving  force  (measured  in  volts) ,  the  letter  I   represents  the  intensity  of 
current   flow  (measured  in  amps),   and  the  letter  R  represents  the  resistance  to  current 
flow  (measured  in  ohms) • 
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OhmVs  Tiaw  can  be  represented  by  these  equations: 


10  =  1  X  R 


E  /  R 


E  /  I 


These  three  equatl'-     ;  will  enable  you  to  find  any  one 
of  the  three   factors  (voi tage-curren t-resistance)   if  you 
know  the  other  two.     An  easy  way  to  remember  the  three 
relationships  is  to  place  them  in  a  circle  as  shown  in 
figure  3-1 . 

If  you  place  your   finger  over  the  factor  that  is  not 
known »    the  relative  position  of  the  others  will  indicate 
what  to  do.      If  one   is  above  the  other,   divide.     If  they 
are  alongside  each  other,   such  as   I   and  R,    then  multiply. 


Figure  3-1.     Ohm's  Law  Chart 

PROni.KM   1:      Use  Ohm*R  Law  to  lietermlne   the  amount  of  vol  tage  supplied  by  the 
battery    In    figure  3-2. 


0Z  AS\tS 



Figure   2.  i 


SOLUTION:  E  =  I  X  R 
E  =  2  X  6 
E  =  12  volts 


PROBLEM  2:     Use  Ohm*s  Law  to  determine  the  amount  of  current   flow  through  the 
circuit  in   figure  3-3. 


T 


7 


Figure  2.  -  3 


SOLUTION:      I   =  E  /  R 
I   =   12    /  6 
I  —  2  amps 


PROBLEM  3:     Use  Ohm's  Law  to  determine  the  amount  of  resistance  in  the  circuit 
shown  in   figure  3-4. 


T 


Figure  l-JS- 


SOLUTION:      R  «  E  /  I 
R  =  12    /  2 
R  =  6  Ohms 
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CHARACTERISTICS  OF  SERIES  AND  PARALLEL  CIRCUITS 


Characteristics  of  series  load  circuits: 


1.  The  s^im  of  the  voltage  measured  across  each   load  device  will  oqual   the   total  applic?d 
voltage. 

2.  The  same  amount  of  current  will   flow  throughout  the  circuit. 

3.  The  sum  of  the  resistances  of  each   load  device  will   equal   the   total    resistanc.  . 


120 
VDC 


#1 


#2 


(3 


E 

80 

40 

120 

I 

2 

2 

2 

R 

40 

20 

60 

lamp 
1 

lamp 
2 

TOTAL 

a.  The  vo Itage  consumed  by   lamp  1   is  80  vol ts . 

b.  The  vol  tage  consrumed  by   lamp  2  is  -10  volts . 

c.  Total  applied  voltage  to  this  circuit   is  120  volts. 

d .  The   amount  of  current   flow  through   lamp  1   is  2 
amps  • 

e .  The  amount  of  current   flow  through   lamp  2   is  2 
amps  • 

f.  Total  current   tlow  through   the  entire  circuit  is 
2  amps. 

g.  The   resistance  of  lamo  1  is  40  ohms • 

h.  The  resistance  of  lamp  2  is  20  ohms. 

i.  The  combined   losistance  of  this  circuit  is  (50  ohms. 


Characteristics  of  parallel   load  circuits: 

1.  Each   load  device  will  receive  the  same  amount  of  voltage. 

2.  The  total  amount  of  current  in  the  circuit   represents  the  sum  of  the  current  flow 
through  each  path. 

3.  The  total   resistance  of  the  circuit  is  always  less  than  any  individual  resistance. 


^20  ,  ^ 
VDC(  © 


E 

120 

120 

120 

I 

2 

4 

6 

R 

60 

30 

20 

lamp 
1 

lamp 

2 

TOTAL 

a.  The  voltage  consumed  by  lamp  1  is  120  volts, 
h.     The  voltage  consumed  by  lamp  2  is  120  volts. 

c.  Total  applied  voltage  to  this  circuit  is  120 

d.  The  amount  of  current  flow  through   lamp  1  is 
amps . 

e.  The  amount  of  current   flow  through   lamp  2  is 
amps. 

f .  Total   current   flow  through   the  en 1 1  re  c I rcu 1 1 
4  amps . 

g.  The  resistance  of   lamp  1  is  60  ohms. 

h.  The   resistance  of  lamp  2  is  30  ohms . 

i.  The  combined  resistance  of  this  circuit  is  20  on.T.s 


volts. 
2 


is 
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SUMMARY 

An  el(H!trioal   circuit   Is  a  complete  path   for  current  flow. 

The  three  basic  requirements  of  an  electrical  circuit  are: 

source  of  power 
conduc  tors 
load  device 

The  four  general   types  of  circuits  are: 

simple 

series 

para  1 1 ol 

series-parallel 

A  simple  circuit  has  one  path  for  current  and  one  load  device. 

A  series  circuit  has  one  path  for  current  and  two  or  more  load  devices. 

A  parallel  circuit  has  two  or  more  paths  for  current  with  one  load  device  In  each 

path  • 

A  series-parallel  circuit  is  a  combination  of  series  and  parallel  circuits. 

Ohm's  law  can  be  used  to  mathematically  calculate  any  one  of  the  three  electrical 
factors  (voltage-current-resistance)   if  any  two  factors  are  known.     E  ^  I  X  R         I  =«  E/R 
R  =  K/I. 

Characteristics  of  series  load  circuit: 

K  =  SUM 
I    =  SAMR 
R  =  SUM 


Characteristics  of  parallel    load  circuit: 

R  =  SAMR 
I    ^  SUM 
R  =  LESS 


3-5 


219 


SG  J3ABR54532  GOl-II-4 


ELECTRICAL  WIRING  DIAGRAMS 


OBJKCTI VF: 


Using  electrical  drawings,   trace  electrical  circuits  to  determine  o-erating 
characteristics,   by  correctly  answering  70%  of  the  questions. 


INTRODUCTION: 


The  matorial    in  this  unit   Is  presented  under  the   following  main  topics: 

-  Kl.FCTRICAL  DIAGRAMS 

-  TRACING   ELECTRICAL  DIAGRAMS 
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INFORMATION: 


ELECTRICAL  DIAGRAMS 

There  are  basically  four  types  of  electrical  diagrams.     Theso  (irawln^s  ;iro  slmil:ir 
to  each  other  and  their  names  are  sometlmoti  used   interchangoably  ,   but  tlu^y  do  Uuv(» 
differences.     The  four  types  of  electrical  diagrams  are  the  block  diagram,  wiring, 
diagram,  connection  diagram  and  the  schematic  diagram. 


BLOCK  DIAGRAM:     A  block  diagram  is  a  simple  drawing  showing  the  relationship  of  major 
parts  of  a  system.     Figure  4-1  shows  a  block  diagram  of  a  motor  control  system.     You  can 
easily  see  why  it  is  called  a  block  diagram.     The  parts  or  component  in  any  block 
diagram  will  be  shown  Just  as  they  appear  in  this  drawing,  as  blocks.     The  internal 
connections  of  the  components  are  not  shown  in  these  drawings.     The  blocks  are  simply 
labeled  to  show  what  each  represents. 


WIRING  DIAGRAM:     The  wiring  diagram,   which  is  like  a  picture  drawing,   shown  the  wiring 
between  components  and   the  relative  position  of  the  components   In  the  equipment.  The 
second  diagram  from  the  left  in  figure  4-1  shows  a  wiring  diagram  of  the  same  motor 
control   system  shown  by  the  block  diagram.     You  can  see   that   Instead  of  blocks   used  to 
show  components,   a  picture  of  the  component  is  used. 


CONNECTION  DIAGRAM:     The  third  diagram  shown   In  figure  4-1    Is  a  connection  diagram.  It 
makes  use  of  diagram  symbols  instead  of  pictures  to  show  components.     It  also  shows  all 
the  internal   and  external  circuit  connections,   and  shows  the  components   in  their 
relative  position.     This  diagram  can  be  used  to  help  you  connect  all  the  wiring  and 
trace  any  part  of  the  circuit,  which  makes  it  a  valuable  guide   for  servicing  equipment. 


SCHEMATIC  DIAGRAM:     The  schematic  diagram  is  a  drawing  that  shows  the  electrical  plan  of 
operation  of  a  piece  of  electrical  equipment  or  component.     The  relative  position  of 
parts  is  not  shown  in  this  type  of  diagram.     The  schematic  diagram,    like  the  connection 
diagram,  makes  use  of  symbols  instead  of  pictures.     The  schematic  diagram  In  figure  4-1 
is  a  plan  of  the  same  motor  control  system  in  the  other  three  diagrams.     It  Is  laid  out 
so  that  the  components  are  in  line  to  make  it  easy  to  trace  the  operation  of  the  system. 


EKLC 


221 

4-2 


Figure  4-1.     Electrical  Diagrams 


Electrical  drawings  are  often  found  on  inside  covers  of  electrical  equipment.  Be 
careful  not  to  lose  or  damage  these  drawings.     Replacement  drawings  for  old  equipment 
may  not  be  available.     Drawings  for  newer  equipment  can  be  ordered  from  the  manufacturer 
but  cause  unnecessary  expenses  and  waiting  time. 
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TRACING  ELECTRICAL  DIAGRAMS 


Technicians  attempting  to  make  emergency  repairs  on  electrical   equipnuent  are  often 
frustrated  because  the  diagrams  nearly  always  seem  to  be  too  confusing,     Caroful  study 
of  a  diagram  requires  a  great  deal  of  time  and  patience.      Tt   is  important   to  examine 
diagrams  or  drawings  of  equipment  you  are  required  to  service  BEFORE   It  bocortic^s 
necessary. 

Electrical  diagrams  can  be  compared  to  a  road  map.     When  you  plan  a   trip  from 
California  to  Texas  you  would  study  only  the  areas  that  immediately  concern  yoii.  The 
same  approach  could  be  used  when  studying  an  electrical  diagram. 

Circuits  used  in  electrical  equipment  are  often  given  names  that  describe  what  the 
circuit  will  do.      If  a  circuit  is  used  to  operate  a  blower  motor   then   the  whole  circuit 
could  be  called  a  "blower  circuit."     Other  circuits  might  be  called  burner  circuits^ 
circulating  pump  circuits,  etc. 

When  you  look  at  an  electrical  diagram  you  need  to  decide  which  circuit   you  are 

concerned  with.     Once  you  have  chosen  a  circuit   then  you  should  examine   the  diagram  to 

answer  questions  like  these:     What  is  the   load  device  in  this  circuit?     What  does  the 

load  device  do?     What  voltage  does  the  load  device  need?     Where  is  the  power  source? 

How  much  voltage  does  the  power  source  provide?     How  is  the  load  device  controlled? 

If  you  can  answer  the  previous  questions,   then  you  can  "trace"  an  electrical 
diagram.     You  can  avoid  panic  while  tracing  electrical  diagrams  by  remembering:      "A  WIRK 
HAS  ONLY  TWO  ENDS." 


TAN  MOTOP 


DoTTjestic  Furnace 
Diagram 


THtflMOSTAT 


Y  O  W 
•  to 


I — 


GAS VALVt 


130  V 
'  TRANSfORMEn 


BURNER  circuit: 

The  load  device  on  this  circuit  is  the  gas  valve.     The  gas  valve  is  an  electrically 
operated  valve  designed  to  allow  gas  to  flow  to  a  burner  when  it  is  energized  by  24 
volts.     The  transformer  needs  120  volts  (input)    in  order  to  provide  24  volts  (output). 
Power  applied  to  the  transformer  is  controlled  by  the   limit  control.     The   fused  discon- 
nect is  used  to  disconnect  power  to  the  circuit  and  to  help  protect   it   from  overloading. 

BLOWER  CIRCUIT: 

The  load  device  on  this  circuit  is  the   fan  motor.     The  fan  motor  is  a  motor  with  a 
fan  blade  on  it  designed  to  ''blow"  air  when  energized  by  120  volts.     Power  to  the  fan 
motor  is  controlled  by  the   fan  control.     The   fused  disconnect   Is  used   to  disconnect 
power  to  the  circuit  and  to  help  protect  it   from  overloading. 
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LI 


Power  Supply 
L2  •  


Relay  Contacts 


1x0  V 


Primary 


Fan  Motor 

Controller 
 o^o- 


Relay 
Cpil 


24  V 


Secondary 


Fan  relay  circuit 


BLOWER  CIRCUIT: 

The   load  device  on  this  circuit  is  the  fan  motor.     The  fan  motor  is  a  motor  with  a 
fan  blade  on  it  designed  to  "blow"  air  when  energized  by  120  volts.     Power  to  the  fan 
motor  is  controlled  by  the  relay  contacts. 


RELAY  CIRCUIT: 

The  load  device  on  this  circuit  is  the  relay  coil.     The  relay  coil  causes  the  relay 
contacts  to  close  when  energized  by  24  volts.     The  relay  coil   is  controlled  by  a 
controller  switch.     The  transformer  needs  120  volts  (Primary)   in  order  to  provide  24 
volts   (Secondary).     The  transformer  in  this  diagram  is  connected  to         and  1^2 
power  supply. 
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Thermostat  120  VAC  Fan  and  Limit 


Blower  Motor 


Warm  Air  Furnace  Diagram 


BURNER  CIRCUIT: 

The  load  device  on  this  circuit  is  the  gas  valve.     The  gas  valve  needs  24  volts  to 
operate.     The  gas  valve  Is  controlled  by  the  limit  control  and  the  thermostat  switch 
(terminals  R  and  W).     The  transformer  supplying  power  to  the  gas  valve  is  controlled  by 
the  upper  limit  switch*     Power  to  energize  the  transformer  comes  from  the  120  VAC  power 
supply. 

BLOWER  CIRCUIT: 

The  load  device  on  this  circuit  is  a  two  speed  blower  motor  operated  by  120  VAC. 

-  LOW  SPEED  is  controlled  by  the   fan  control. 

-  HIGH  SPEED  is  controlled  by  the  blower  relay. 
RELAY  CIRCUIT 

The  load  device  on  this  circuit  is  the  relay  coil   (terminals  3  and  5).     The  relay 
coil  is  controlled  by  the  thermostat  (terminals  R  and  G).     The  relay  coil  causes  relay 
contacts  2  and  6  to  open  and  contacts  2  and  4  to  close  when  energized  by  24  volts  from 
the  transformer.     The  transformer  supplying  power  to  the  relay  coil   is  controlled  by  the 
upper  limit  switch.     Power  to  energize  the  primary  of  the  transformer  comes  from  the  120 
VAC  power  supply. 
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SUMMARY 


An  oloctrlcal  dlaBram  Is  an  electrical  drawing  used  to  represent  circui+s  used  in 
oloctrical   ecpilpment.     Thero  are  many  types  of  electrical  diagrams;    each  designed  to 
s(»rvo  as  a    'roadmap''  of  electrical  components.      Electrical  diagrams  are  often  used  to 
show  the  arrangement  and/or  relationship  of  each  component  used   in  the  actual  equipment. 
It   is  important  to  be  able  to  interpret  these  drawings  because  they  can  be  useful  as  a 
guide  for  the  installation,    repair,   and  maintenance  of  various  electrical  equipment. 

There  are  basically  four  types  of  electrical  diagrams.     These  drawings  are  similar 
to  each  other  and  their  names  are  sometimes  used  interchangeably,   but  they  do  have 
differences.     The  four   types  of  electrical  diagrams  are  the  block  diagram,  wiring 
diagrams,  connection  diagrams  and  schematic  diagrams. 

Electrical   symbols  are  used   to  represent  components  used   in  electrical  equipment. 
In   the  heating  career   field  you  will  be  examining  diagrams  of  equipment  produced  by  a 
variety  of  companies.     While  you  should   learn   the  symbols  in  this  unit,   keep  in  mind 
that  some  manufacturers  use  symbols  that  are  different  than  those  presented  here.  Many 
olectrical   diagrams  have   legends   to  let  you  know  what  each  symbol  rc*presents. 

Tochnlciuns  attempting   to  make  emergency   repairs  on  electrical   equipment  are  often 
frustrati^d  bt^causc   the  diagrams  nearly  always  seem  too  confusing.     Careful   study  of  a 
diagram  requires  a  great  deal   of  time  and  patience.      It   is  important   to  examine  diagrams 
or  drawings  of  the  equipment  you  are  required   to  service  BEFORE  it  becomes  necessary. 

Electrical  diagrams  can  be  compared  to  a  road  map.     When  planning  a  trip  you  would 
study  only  the  areas  that   immediately  concern  you.     The  same  approach  applies  when 
studying  an  electrical  diagram. 

Circuits  used  in  electrical  equipment  are  often  given  names  that  describe  what  the 
circuit  will  do.      If  a  particular  circuit  is  used  to  operate  a  blower  motor  then  the 
whole  circuit  could  be  called  a  "blower  circuit."     Other  circuits  might  be  called  burner 
circuits,  circulating  pump  circuits,  etc. 

When  examining  an  electrical  diagram  you  need  to  decide  which  circuit  you  are 
concerned  with.     Once  you  have  chosen  a  particular  circuit  then  you  should  examine  the 
diagram  to  answer  questions  like  these:     What  is  the   load  device  on  this  circuit?  What 
does  the  load  device  do?     What  voltage  does  the   load  device  need?     Where  is  the  power 
source?     How  much  voltage  does  the  power  source  provide?     How  is  the   load  device 
t-iont rol  led? 

If  you  can  answer   the  previous  questions;    then  you  can  "trace"  an  electrical 
diagram.     You  can  avoid   panic  while  tracing  electrical  diagrams  by   remembering:      "A  WIRE 
HAS  ONLY  TWO  ENDS." 


NOTES 
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FXECTRICAL  TEST  EQUIPMENT 


OnJKCTIVES: 


Using  multimeter,   select,   care  and  use  ohmmeter  function  (continuity)   by  correctly 
Identifying  the  resistance  characteristics  of  70%  of  the  electrical  devices. 

Using  multimeter,   select,   care  and  use  voltmeter   function  by  correctly  identifying 
the  voltage  characteristics  of  70%  of  the  electrical  devices. 

Using  multimeter,   select,   care  and  use  ammeter  function  by  correctly  identifying 
amporaec  characteristics  of  3  out  of  4  electrical  devices. 

INTHODUCTION : 

in   this  unit  you  will   learn  to  use  electrical   test  equipment.     You  will  be  using  a 
m.ntliSter  that   Is  easy  to  use  and  is  gaining  popularity  in  the  heating  career  field 
Tho  multimeter  can   function  as  a  voltmeter,   ohmmeter  or  ammeter.     You  will  get  hanas 
on"   training  uslnB  the  multimeter  in  a  realistic  setting. 

The  material   in  this  unit  is  presented  under  the   following  main  topics: 

-  ELECTRICAL  TEST  EQUIPMENT 

-  OHMMETER 

-  VOLTMETER 

-  AMMETUR 

information: 

electrical  test  equipment 

A  multimeter  is  a  valuable  tool  used  to  diagnose  malfunctions  in  electrical 
en.lpme;?.     The  multimeter  can  be  used  to  identify  defective  electrical  components  or  to 
check  operating  characteristics  of  electrical  circuits.     Without  a  multimeter,  a 
^ecSnicla;  mlgSt  spend  hours  troubleshooting  electrical  equipment  and  ^JJ^ J  P'?f 
have  to  resort  to  a  costly  game  of  installxng  several   new  parts  in  an  attempt  to  repair 
threqulpment.     The  proper    use  of  a  multimeter  allows  a  technician  to  narrow  electrical 
troubles  down  to  specific  defective  components;   eliminating  guesswork. 

Multimeters  are  delicate,  expensive  instruments  and  must  ^^^J^"? J^^^I'J^^t^J^J; 
Avoid  dropping,  bumping,  excessive  heat  or  dampness.  Special  operating  and  storage 
^nstruotlSL  lome  with  each  meter.     When  taking  a  reading  with 

•T.,...         fare  "  viewinj'  the  pointer  from  an  angle  will  give  an  inaccurate  reaaing.  ai 
ti;   me^er  SaVa  pointer  locking  device,  always  keep  it   locked  when  the  meter  is  not 
Sing  ised  ?o  prS?ect  [t   from  damage,    'k  multimeter  that  is  used  and  cared  for  Properly 
can  fas^several  years.      Intentional  or  accidental  misuse  of  a  meter  can  cause  damage  to 
the  instrument  and  injury  to  the  user. 

This  unit  of  insti-uction  is  designed  to  familiarize  you  with  one  particular  type  of 
electrical  test  equipmr    h .     Keep  in  mind  that  there  are  many  different  types  of  test 
equHment  availab?e.     Tne  multimeter  we  will  use  in  this  course  can  function  as  an 


ohmmeter  ,  a  voltmeter  .   and  ammeter^^ 
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OHMMETER 


An  ohmmeter  can  be  used  to  measure  resistance  of  circuit  components.     The  resis- 
tance of  circuit  components  can  vary  anywhere  from  zero  ohms  (no  measurable  resistance) 
to  infinity  (an  extremely  high  amount  of  resistance) .     The  symbol  used  to  represent 
infinity  is  oo    .     An  ohmmeter  must  be  zeroed  before  use.     This  Is  done  by   touching  th<» 
meter  leads  together  and  adjusting  the  zeroing  knob  until   the  pointer  lines  up  with 
zero. 

Special  ohmmeters  a^e  used  when  precision  resistance  measurements  are  needed.  The 
heating  specialist  normally  does  not  have  a  need  for  exact  resistance  measurements  to 
solve  common  problems  in  electrical  equipment. 

The  importance  of  an  ohmmeter  to  a  heating  specialist  lies  in  Its  ability  to  be 

used  simply  to  check  continuity  of  electrical  components.  Continuity  refers  to  a 

continuous,  unbroken  path  for  current  flow.  A  quick,  easy  "continuity  check"  of  a  wire, 
fuse  or  switch  will  indicate  if  it  is  good  or  bad. 

Any  movement  of  an  ohmmeter  pointer  indicates  continuity.     A  wire,    fuse,  or  switch 
(in  the  closed  position)   that  does  not  have  continuity  is  bad. 


Determine  "continuity"  or  "no  continuity"  of  the  following  electrical  components: 


PROBLEM  1  SOLUTION:      NO  CONTINUITY — An  ohmmeter  will 


indicate  no  continuity  when 
connected   to  a  switch   In  the 
open  position. 


PROBLEM  2 


SOLUTION:     CONTINUITY — An  ohmmeter  will 
indicate  continuity  when 
connected  to  a  switch  in  tho 
c losed  posi tion . 
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PHOBLKM  3 


"^7 


SOLUTION: 


CONTINUITY — An  ohmmeter  will 
indicate  continuity  when 
connected  to  a  good  fuse. 


PROBLEM  4 


SOLUTION: 


NO  CONTINUITY — An  ohmmeter  will 
indicate  no  continuity  when 
connected  to  a  blown  fuse . 


PROBLEM  S 


solution: 


CONTINUITY — An  ohmeter  will 
indicate  continuity  when 
connected  to  each  end  of  a  wire. 


Tho  metor  uses  a  small  I       volt  battery   located  in  the  ohmmeter  attachment  as  a 
power  supply.     When  both  loads  of  the  ohmmeter  are  connected  together,   a  small  amount  of 
current  begins  to   flow  through  the  meter  producing  electromagnetism.     This  causes  the 
pointer  to  move  to  the  top  of  the  scale.     A  properly  calibrated  ohmmeter  will  indicate 
zero  ohms  when  the  two  test   leads  are  connected  together.     When  checking  components  with 
)    high  resistance,   don't  be  surprised  if  the  pointer  barely  moves. 

CAUTION:      DO  NOT  CHECK  AN  ENERGIZED  CIRCUIT  OR  COMPONENT  WITH  AN  OHMMETER. 

Since  the  ohmmeter  provides  its  own  source  of  power,  any  additional  power  from  a 
component  being  checked  could  cause  damage  to  the  meter  and  injury  to  the  user. 

When  using  the  ohmmeter  it  is  always  best  to  isolate  the  component  being  checked 
from  the  rest  of  the  circuit  by  removing  it  or  disconnecting  the  wires  to  it.  When 
checking  wires,   separate  each  wire  to  be  checked  by  disconnecting  them  from  other  wires, 
o  tc . 

NOTE:      It  is  a  good  idea  to  use  numbered  wire  markers  to  identify  wires  before 
disconnecting  them  to  prevent  confusion  during  re-installation. 
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VOLTMETER: 


The  voltmeter  is  a  very  useful   Instrument   that  can  bo  usod  to  moasuro  the  amount  of 
voltage  that  exists  between  two  test  points   In  an  electrical  circuit.     Tlu>  pointer  oT  a 
properly  calibrated  voltmeter  will  indicate  zero  volts  whon  not   In  ust). 


JAWS 

POINTER  LOCK 
TRIGGER 


POINTER 


Determine  the  amount  of  voltage  that  exists  between  the  two  test  points  in  each  drawing: 


PROBLEM  1 


X 

T 


SOLUTION:      ZERO  VOLTS — A  voltmeter 

connec*;ed  negative  to  negative 
will  not  indicate  voltage. 


12 

voc 


PROBLEM  2 


SOLUTION:      12   VOLTS — A  voltmeter  connected 
to  negative  and  positive  will 
indicate  voltage. 


Q> 
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SOLUTION:      ZERO  VCLTS---A  voltmeter  connec- 
ted positive  to  positive  will 
not  Indicate  voltage 


PUOIH.KM  4 


I 
t 


W-VOC 


SOLUTION:      12   VOLTS —   A  voltmeter  connected 
to  negative  and  positive  will 
Indicate  voltage. 


PROBLEM  5 


1 

t 


Vi  Vt)C 


SOLUTION:      12  VOLTS — A  voltmeter  connected 
to  negative  and  positive  will 
Indicate  voltage. 


PROBLEM  6 


T  


SOLUTION:      ZERO  VOLTS — A  voltmeter 

connected  negative  to  negative 
will  not  Indicate  voltage. 


PUOBLKM  7 




T  


SOLUTION:      12  VOLTS — A  voltmeter  connected 
to  negative  and  positive  will 
Indicate  voltage. 
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PROBLEM  8 


IT 

,   1*2 


SOLUTtON:      ZKUO   \/OUTS--A  v  v-j  I  hrni^  t .?  r 

connected  notjativc*  to  noqativo 
will  not   incHcato  volt  ago- 


PROBLEM  9 


SOLUTION:      12   VOLTS — A  voltmeter  connected 
to  ne^jative  on^l   |x^s;itive  will 
incHccito  volUaqe- 


PROBLEM  10 


SOLUTION:      12  VOLTS — A  voltmett:.r  connected 
to  negative  and  positive  will 
ind  icate  voltage 


PROBLEM  11    .  SOLUTION:      2ERO  VOLTS — A  voltmeter  con- 

nected  hot   to  hot  oF   the  same 
conductor  will  not  indicate 
voltage,      NOTI-^:     The  motor  is 
grounded   to  help  reduce  the 
^   chance  of  electrical  :^hock  . 


PROBLEM  12 


SOLUTION:  125  VOLTS — A  voltmeter  connected 
to  hot  and  neutral  will  indicate 
voltage . 
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SOIiUTION:      ZKKO  VOI,TS--A  voltmotor  con- 

nectod  neutral  to  neutral  will 
nut  indicate  voltage. 


PROBhKM  14 


1 


SOLUTION:  125  VOLTvS — A  voltmeter  connected 
to  hot  and  neutral  will  indicate 
voltage. 


PROBLEM  15 


SOLUTION:      ZERO  VOLTS — A  volcmeter  con- 
nected ground   to  ground  will  not 
indicate  voltage. 


PRORLKM  16 


SOLUTION:      125  VOLTS — A  voltmeter  connected 
hot  to  ground  will  indicate 
voltage.     NOTE:     The  grour.d  wire 
is  attached  to  the  frame  of  the 
motor  to  help  prevent  electrical 
shock . 


PROlUiKM  17 


SOLUTION:  ZERO  VOLTS — A  voltmeter  con- 
nected to  neutral  and  ground 
wi^l  not  indicate  voltage. 
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PKODLEM  18 


SOLUTION:      125   VOLTS  —  A   vol  tine  tor  cu)nnoctod 
hot   to  neutral    will    indicia  to 
vol  tRtCo. 


1 


PROBLEM  19 


SOLUTION:      ZERO  VOLTS — A  voltmeter  <  .^n- 
nected  hot   to  hot  of  the  same 
conductor  will  not   Indlca  te 
vol  taise  • 


PROBLEM  20 


SOLUTION:      125  VOLTS — A  voltmeter  connected 
hot  to  ground  will  indicate 
voltage. 


The  voltmeter  has  different  voltage  ranges  available.     The  appropriate   range  is 
selected  by  turning  the  scale  selector  knob.     If  you  do  not  know  the  voltage  that   is  to 
be  measured,  always  start  with  the  highest  range.     The  highest  number  in  each  range 
represents  the  highest  voltage  that  can  be  measured. 

The  meter  will  provide  the  most  accuracy  when  the  pointer  is  in  the  top  half  of  the 
scale.     Always  try  to  pick  a  range  that  will  provide  the  most  accuracy  but  avoic^ 
checking  voltage  that  is  over  the  range  shown  on  the  scale.     If  it  is  set  too  low  it 
could  cause  damage  to  the  meter  and  injury  to  the  user. 

CAUTION:     Always  set  the  voltmeter  on  its  highest   range  when  measuring  unknown 
voltage.     Never  use  a  damaged  voltmeter.     Kold  the  insulated  poFtron 
of  the  test   leads  cautiously  to  prevent  electrical  shock.     The  metal 
probe  on  euch  test  lead  is  sharp — don't  poke  yourself  or  anyone 
else. 

Rep&ir  or  maintenance  work  on  electrical  eauipment  is  done  with  the  power  OFF  but 
at  times  it  is  necessary  to  have  the  power  on  to  ^heck  the  amount  of  voltage  being 
supplied  to  it.     Never  assume  the  power  is  off  when  servicing  equipment.     A  voltmi^tor 
can  be  used  to  prove  that  the  power  is  off  before  you  begin  service  work  and  may  save 
your  life. 


EKLC 


5-8 


234 


AMMi:'n:u 


^  An  aini«uhi»r  t:an  ho  urtOil   to  mea.sure   the  amount  oC  current  or  amperatje   that  flows 

m  lhi-t)uMh  ci  oircnit.     The  pointer  oE  a  properly  calibrated  ammeter  will   indicate  zero  amps 

^  wln^n   not:    in  ust». 


^  Ooterminc  whether  or  not  current  would   flow  in  each  drawing: 

PROBLEM   1  SOLUTION;      CURRENT  WILL   FLOW — When  voltage 

is  applied  to  a  complete^  con- 
tinuous circuit;   current  will 


SOLUTION:      CURRENT  WILL  NOT   PLOW — Without 
voltage,   current  will  not  flow, 


I 





  O  N/OC  (  o\ 

'C-C  
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PROBLEM  3 


JL 

—  ^      II.  V  • 


X 


0 — 


solution:      CURRl^NT  WILL  NOT   FLOW-    A  "blown*' 
fuse  will   prevent  currt^nf  flow. 


PROBLEM  4 


SOLUTION:      CURRENT  WILL  NOT   FLOW — An  "open" 
switch  will   prevent  current 
flow. 


PROBLEM  5 


solution:     current  will  not   flow — A  "burned 
out**   lamp  will  prevent  current 
f  low  • 


The  ammeter  has  different  AMP  ranges  available.     The  range  is  selected  by    turning  ;i 
dial.      If  you  do  not  know  what  the  amount  of  AMPs  is  to  be  measured,    start  with  the 
highest  range.     The  number  at  the   top  of  each  range  represents  the  highest  amperage  that 
can  be  measured. 

The  ammeter  will  be  most  accurate  when  the  pointer  is  in  the  top  half  of  the  scalt?* 
Always  try  to  select  a  range  that  will  provide  the  most  accuracy,   but  avoid  checking 
amperage  that  is  over  the  range  shown  on  the  scale.     If  it  is  set  too  low,   it  could 
cause  damage  to  the  meter  and  injury  to  the  user. 

CAUTION:     Always  set  the  ammeter  on  its  highest  range  when  measuring  an 
unknown  amount  of  amperage.     Never  use  a  damaged  ammeter. 

To  use  the  type  of  ammeter,  we  will  be  using,   the  jaws  must  be  clamped  around  one 
current  carrying  conductor.     Placing  the  ammeter  Jaws  around  two  current  carrying 
conductors  will  give  an  inaccurate  reading* 

An  ammeter  can  be  used  to  determine  the  operating  efficiency  of  electrical  equip- 
ment by  comparing  the  actual  amperage  measured  with  the  amperage  rating  listed  on  the 
equipment  data  plate.     If  the  measured  amperage  is  more  than  it  should  be,   the  equipment 
should  be  closely  examined  to  determine  the  cause. 
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PKUULRM  6:      Is   the  motor   in  the  drawing  operating  efficiently? 


SOLUTION:     NO — The  amperage  reading  is  higher  than  the  amperage  rating  listed  on  the 
motor  data  plate.     NOTE:     The  motor  would  be  overheated  from  the  excessive 
amount  of  current  and  would  feel  hot  when  touched. 
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When  checking  small  amounts  of  current  with  the  amme**er,   the  pointer  will  barely 
move.     Since  the  pointer  would  be  at  the  lower  end  of  the  scale,   it  would  be  difficult 
to  get  an  accurate  reading.     The  ammeter  can  be  used  to  measure  small  amounts  of  current 
by  attaching  a  coil  of  wire  in  series  with  the  load  device.     The  coil  of  wire  will  not 
have  an  effect  on  the  circuit  being  checked,  but  will  have  a  drastic  effect  on  tho 
ammeter.     When  the  Jaws  of  the  ammeter  are  clamped  around  a  coil  of  wire  with  10  turns 
or  "loops,"  the  reading  will  be  10  times  greater! 


PROBLEM  7:     How  much  amperage  is  flowing  through  the  gas  valve? 


t 


en 


V#^C      to  ^  ^ 


SOLUTION:     2  AMPS — The  ammeter  reading  indicates  2  amps  of  current   flow,  but  the  gas 
valve  has  only   .2  amps  of  current  flowing  through  it.     The  ammeter  reading 
must  be  divided  by  10  to  represent  the  amount  of  current  flow  through  the  gas 
valve. 
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SUMMARY 


A  miiltimotor   Is  a  valuable  tool  used  to  diagnose  malfanctlons  in  electrical 
(Mpiipmont.     Multlmotors  are  delicate,   expensive  instruments  and  must  be  handled   j^i  th 
caro.      Intentional  or  accidental  misuse  of  a  meter  can  cause  damage  to  the  instrument 
and  Injury  to  the  user. 

The  multimeter  can  function  as  an  ohmmeter,  voltmeter  and  ammeter. 

-OHMMETER:       An  ohmmeter  can  be  used  to  measure  resistance  of  circuit  components  or  to 
check  continuity  of  electrical  components.     Continuity  refers  to  a 
continuous,   unbroken  path  for  current  flow.     Do  not  check  an  energized 
circuit  or  component  with  an  ohnuneter.     When  using  the  ohmmeter,   it  is  best 
to  Isolate  the  component  being  checked  from  the  rest  of  the  circuit. 


-VOLTMETER:     The  voltmeter  is  a  very  useful   instrument  that  can  be  used  to  measure  the 
amount  of  voltage  that  exi sts  between  two  test  points  in  an  electrical 
circuit.     Always  try  to  select  a  range  that  will  provide  the  best  accuracy, 
but  avoid  checking  voltage  that  is  over  the  range  indicated  on  the  scale. 
If  a  voltmeter  is  "over  ranged"   it  could  cause  damage  to  the  meter  and 
injury  to  the  user.     Always  set  the  voltmeter  on  its  highest  range  when 
measuring  unknown  voltage.     Never  use  a  damaged  voltmeter.     Hold  the 
Insulated  portion  of  the  test   leads  cautiously   to  prevent  electrical  shock. 
The  metal  probe  on  each  test  lead  is  sharp — don't  poke  yourself  or  anybody 
el  se . 

An  ammeter  can  be  used  to  measure  the  amount  o2  current  or  amperage  that 
flows  through  a  circuit.     Always  try  to  select  a  range  that  will  provide 
the  most  accuracy,   but  avoid  checking  amperage  that  is  over  the  range 
indicated  on  the  scale.     If  an  ammeter  is  "over  ranged,"  it  could  cause 
damage  to  the  meter  and  injury  to  the  user.     Always  set  the  ammeter  on  its 
highest  range  when  measuring  unknown  amperage.     Never  use  a  damaged 
ammeter.     The  Jaws  of  the  ammeter  must  be  clamped  around  one  current 
carrying  conductor.     Placing  the  amweter  Jaws  around  two  current  carrying 
conductors  will  give  an  inaccurate  reading. 


-AMMETER: 


When  taking  a  reading  with  a  multimeter,   look  at  it  "face  to  face;"  viewing  the 
pointer  from  an  angle  will  give  an  inaccurate  reading.     If  the  meter  has  a  pointer 
locking  device,   always  keep  it  locked  when  the  meter  is  not  being  used  to  protect  it 
from  damage. 

NOTES 
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KLRCTRICAL  MOTORS   AND  MOTOR  STARTERS 

onJKCTIVES: 

Given  information,   identify  basic  facts  relating  to  electrical  motors  and  motor 
starters,  by  correctly  ans«rering  70%  of  the  questions. 

Using  a  trainer,   remove  and  replace  an  electric  motor,  with  a  maximum  of  two 
in.structor  assists. 

Using  the  single-phase  and  three-*phase  motor  trainers,   reverse  motor  rotation  with 
a  maximum  of  two  instructor  assists. 

Using  a  three-phase  motor  trainer,   inspect  and  maintain  motor,  with  a  maximum  of 
two  Instructor  assists. 

INTRODUCTION: 

In  this  unit  you  will  be  given  information  designed  to  prepare  you  for  tasks  that 
includo  installing,   replacing,   reversing  rotation,   inspection  and  maintenance  of 
electrical  motors. 

The  material   In  this  unit  is  presented  under  the  following  me.in  topics: 

-  BASIC  CONSTRUCTION   FEATURES  OF  ELECTRIC  MOTORS 

-  THEORY  OF  OPERATION  OF  ELECTRIC  MOTORS 

-  INTRODUCTION  TO   ELECTRIC  MOTORS  (TERMINOLOGY) 

-  MOTOR  OVERLOAD  PROTECTION 

-  MOTOR  STARTERS 

-  MOTOR  STARTERS  WITH  OVERLOAD  PROTECTION 

-  SELECTING   EXTERNAL  OVERLOAD  DEVICES 

-  MOTOR  SAFETY 

-  MOTOR  PROBLEMS  AND  CAUSES 

-  ELECTRIC  MOTOR  REMOVAL  .^ND  REPLACEMENT  PROCEDURES 

-  ROTATION   REVERSAL  PROCEDURES 

-  ELECTRIC  MOTOR   INSPECTION  AND  MAINTENANCE  PROCEDURES 
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BASIC  CONSTRUCTION  FEATURES  OF  ELECTRIC  MOTORS 
The  following  figure  represents  the  basic  parts  of  an  electric  motor. 


Figure  6-1,     Components  of  an   Electric  Motor 

1.  STATOR  -  Stationary  section  of  the  motor  that  contains  the  windings  and  the  electro- 

magnetic core 

2.  ROTOR  -  Rotating  section  of  the  motor 

3.  SHAFT  -  Extension  of  the  rotor  which  attaches  to  a  fan,  pump,  etc* 

4.  MOTOR  BEARINGS  -  Allow  smooth  rotation  of  the  shaft 

5.  END  BELLS  -  Portion  of  the  motor  that  holds  the  bearings 

6.  DATA  PLATE  -  Provides  Important  Information  about  the  motor 
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THEORY  OF  OPERATION  OF  ELECTRIC  MOTORS 


Electric  motors  are  often  compared  to  a  transformer.     The  stator  windings  of  the 
motor  are  thought  of  as  the  primary  of  a  transformer,   and  the  rotor  is  considered  to  be 
a   rotating  secondary.     Current  applied  to  the  stator  windings  of  the  motor  develops  a 
strong  magnetic  field  which  produces  magnetism  in  the  rotor.     The  magnetic  poles  of  the 
stator  and  the  rotor  are  opposite  at  any  given  time,  allowing  the  forces  of  magnetism  of 
the  stator  to  attract  and  repel   the  rotor. 


Figure  6-2.     Reversing  Direction  of  Current  Flow  Reverses  Magnetic  Polarity 
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XNTROOUCTtOW  TO   ISUECTRIC   MOTORS    (ThlRMlNOLOGY  ) 


a.  MOTOR — A  device  that  changes  electrical  energy  into  rotating  mechanical  oiieigy. 

b.  HORSEPOWER  RATING- -Amount  of  work  a  motor  will  do  without  damaging  it. 

c.  PHASE — ( Ph )-Designates  the  type  of  electrical  power  distributed   to  a  motor;   may  he 
single-phase   (1  0)   or  three-ohase   (3  0). 

d.  SINGLE-PHASE  MOTOR — Alternating  current  motor  with  only  two  current  carrying 
conductors. 

e.  THREE-PHASE  MOTOR — Alternating  current  motor  with  three  current  carrying  conductors • 

f.  SPLIT-PHASE  MOTOR — A  type  of  single-phase  motor  with  start  and   run  windings.  While 
both  windings   are  in  use  for  starting  the  motor,    the  start  winding  is  d Lsconnec te*! 
by  a  centrifugal   switch  after  the  motor  reaches  approximately  75%  of   its  rated 
speed,    then  operates  on  the  run  winding  only. 

g.  CAPACITOR  MOTOR — A  type  of  single-phase  motor  with  similar  construction  to  the 
split-phase  type  with  the  addition  of  a  capacitor  to  enable   it  to  operate  under  much 
heavier  loads. 

n.     CAPACITOR — An  electrical  device  capable  of  storing  an  elt-ctrical  charge  when  power 
is  applied   to  it.     The  electrical  charge  stored  by  a  capacitor  is  used  by  capacitor 
motors  to  improve  its  operating  characteristics.     Two  types  of  capacitors  used 
commonly  in  heating  equipment  are  known  as  start  and  run  capacitors.     A  capacitor  is 
rated  in  microfarads    {J^p  ) .      Replacement  capacitors  should  be  identical   to  the 
original.      CAUTION?      BEFORE  HANDLING  A  START  CAPACITOR   IT  SHOULD  BE   DISCHARGKD  WtTM 
A  BLEED   RESISTOR.  -41 

j.     LOCKED-ROTOR  AMPERAGE   (L.R.A.) — The  amount  of  amperage  consumed  by  a  motor  when  it 
is  first  turned  on. 

k.     FULL-LOAD  AMPERAGE   (F.L.A.) — The  aunount  of  amperage  consumed  by  a  motor  when  it  is 
delivering  its  rated  horsepower. 

1*     REVOLUTIONS  PER  MINUTE   (RPM) — Refers   to  the  number  of  shaft   rotations    In  one  minute. 

m.      INSULATION  CLASS — The   type  of  insulation  used  on  motor  windings   ile'  »rinim^  tho 

maximum  .allowable  operating   temperature.      (Kxamples:     Class   Ai..90"C         (Mass   n. . . 
IIO^C     Class  H...150*C) 

n.  ROTATION — Refers  to  the  clockwise  or  counter-clockwise  rotation  of  a  motor  viewed 
from  the  shaft  end  of  the  motor  or  the  end  opposite  the  shaft.  (Depending  on  the 
manufacturer ) 

o.     MULTIPLE  SPEED  MOTOR — A  motor  which  has   the  ability  to  operate  at  more  than  one 
speed. 
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Figure  6-3.     Typical  Motor  Data  Plate 
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Figure  6-4.     Motor  Horsepower  and  Amperage  Draw 
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MOTOR  OVERLOAD  PROTECTION 


All  electric  motors  need  overload  protection  to  help  prevent  them  from  ^'burning 
out."     Special  heat  sensitive  overload  protectors  are  more  sensitive  than  fuses  and 
circuit  breakers  and  are  designed  to  automatically  disconnect  a  motor  if  it  gets  too 
hot.     Some  overload  protective  devices  are  installed  internally  within  the  motor  by  the 
manufacturer.     A  motor  with  internal  overload  protection  will  usually  have  the  following 
words  printed  on  the  data  plate  "THERMALLY  PROTECTED." 

Some  internal  overload  devices  will  automatically  "reset"  once  an  overheated  motor 
returns  to  normal   temperature,   others  have  to  be  reset  manually  by  pushing  a  reset 
button.     NOTE:     If  a  motor  overheats,   something  is  wrong  and  the  problem  must  bo 
corrected.     Internal  overload  devices  can  fail  and  still  allow  a  motor  to  "burn  up." 

MOTOR  STARTERS 

Motor  starters  provide  a  safe,  convenient  and  economical  means  of  starting  and 
stopping  motors.     Fractional  horsepower  motors  (less  than  1  H.P.)   often  use  nothing  more 
than  a  toggle  switch  to  start  and  stop. 

The  on-off  operation  of  large  motors  is  sometimes  controlled  by  magnetic  contac- 
tors.    When  a  magnetic  contactor  is  used  to  start  ar.d  stop  an  electrical  motor   it  is 
considered  to  be  a  motor  starter. 


J 
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Figure  6-5.     Motor  Starter  Circuit 
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Motor  Controllers  and  Controls 


A  motor  controller  Is  anything  from  a  simple  toggle  switch  to  a  complex  system, 
which  controls  some  operation  of  an  electric  motor. 

Article  430  of  the  National  Electric  Code  allows  some  motors  in  certain  conditions 
to  be  controlled  by  a  simple  device,  such  as  a  toggle  switch  or  safety  switch,  shown  in 
figure  6-6. 


Figure  6-6.     Toggle  Switch  and  Safety  Switch 

Due  to  the  size  of  a  motor,   the  duty  it  is  to  perforra,   the  location  in  which  it  is 
Installed,  or  the  construction  of  the  motor,   it  may  require  additional  protection  and/or 
controlling  devices. 

Typos  of  Manual  Controllers 

TOGGLE  SWITCH.     When  a  toggle  switch  is  used  to  control  a  motor,    it  normally 
controls  a  motor  of   low  horsepower  rating.     An  example  of  this  would  be  a  bathroom 
exhaust  fan. 

Where  the  supply  voltage  to  the  motor  is  240  volts,  you  would  have  to  use  a  double- 
polo  toggle  switch.     This  would  allow  you  to  break  l30th  hot  conductors  simultaneously. 

SAFETY  SWITCH.     Safety  switches  of  all   designs  will  also  be  used  as  controllers  in 
some  cases.     A  non-fusible  safety  switch  would  provide  only  a  manual  control  means, 
where  a  fusible  safety  switch  can  in  some  cases  provide  over-current  protection  and 
control  means. 

Magnetic  Line  Voltage  Starter 

Electromagnetic  energy  can  be  used  to  close  switches.     Line  voltage  starters 
provide  a  safe,   convenient  and  economic  means  for  controlling  electric  motors.     They  are 
used  to  start  and  stop  electric  motors.     Magnetic  line  starters  are  widely  used  because 
they  are  economical  and  safe  and  they  can  also  be  controlled  remotely.     They  are 
normally  used  where  full  voltage  starting  torque  is  needed  and  where  current  surge  is 
not  a  major  factor.     Magnetic  starters  may  be  as  simple  as  the  type  show  in  figure  6-7, 
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having  only  one  set  of  contacts.     The  contacts  called  "main  contacts*'  would  be  connected 
In  series  with  the  conductor  carrying  power  to  the  motor.     When  the  electromagnetic  coil 
is  energized,   it  sets  up  a  magnetic  field  attracting  the  armature.     When  the  armatui^e 
moves  toward  the  electromagnet,  the  movable  contact  (located  on  the  armature)  connects 
with  the  stationary  contact.     This  completes  the  circuit  to  the  motor  and   the  motor 
starts.     When  the  switch  in  the  circuit  which  supplies  power  for  the  electromagnetic 
coil   is  opened,   the  coil  is  de-enorgized ,  causing  a  loss  of  the  magnetic  force.  The 
spring  will  then  pull  the  contacts  apart.     This  is  a  simple  magnetic  line  starter. 
Other  magnetic  line  starters  will  have  more  contacts,  motor  over-currant  protector 
relays  (heaters),  and  may  depend  on  gravity  to  open  the  contacts.     Heaters  will  be 
explained  later  in  this  study  guide.     Figure  6-8  will  help  you  identify  the  different 
parts  of  a  magnetic  across~the-l ine  starter.     This  figure  shows  a  three-phase 
across- the- line  stafter,  containing  three  sets  of  main  contacts,  one  set  of  holding 
contacts,   a  coil,   two  reset  contacts,  and  two  heaters.     It  is  designed  so  gravity  will 
cause  the  contacts  to  opea  when  the  coil  is  de-energized.     Pressure  springs  have  been 
added  to  the  contacts  to  allow  them  to  seat  evenly.     This  prevents  bending  of  the 
contacts  and  arcing,   thus  prolonging  their  life.     Shaded  rings  are  placed  on  the 
stationary  core  to  provide  a  timo  delay  In  the  loss  of  flux,   thus  preventing  contact 
chatter  and  wear  in  the  moving  parts  of  AC  magnetic  starters. 
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Figure  6-7.     Magnetic  Starter 
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Figure  6-8.     Three-Phase  Magnetic  Line  Voltage  Starter 
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Figure  0-9  Rhows  how  this  starter  will  appear  on  an  electrical  dlap^ram.  Electrical 
symbols  arc  used  to  represent  the  parts  of  the  starter.     Magnetic  starters  are  often 
called  contactors. 


Overload  Protection 

Electric  motors  require  overload  protection  to  prevent  burnout.     If  permitted, 
electric  motors  will  operate  at  a  higher  current  than  their  rated  capacity.     This  may  be 
caused  by  low  line  voltage,  by  an  open  line  in  a  three-phase  system,  and  by  an  overload 
of  the  driven  machinery.     The  overload  on  an  electric  motor  causes  it  to  draw  excessive 
current  that  causes  overheating.     The  overheating  will  eventually  result  in  a  burnout. 
To  prevent  this,  overload  relays  are  employed  on  a  starter  to  limit  the  amount  of 
current  a  motor  can  draw*     This  is  overload  protection,  or  running  protection.  An 
overload  relay  consists  of  a  current  sensitive  element  and  a  set  of  normally  closed 
reset  contacts.     The  overload  relays  of  a  starter  function  to  protect  a  motor  from 
excessive  current  that  is  destructive  to  motors?.     Current  sensitive  (thermal  or 
magnetic)  elements  of  overload  relays  are  connected  either  directly  or  indirectly  in  the 
motor  lines  through  current  transformers. (    The  overload  relays  act  to  de-energize  the 
starter  and  stop  the  motor  when  excessive  current  is  drawn. 

Thermal  Cutouts 

Thermal  cutouts  are  usually  of  the  bimetallic  or  melting  alloy  types.  The 
bimetallic  type  is  constructed  of  two  dissimilar  metals  which,  when  heated,  bend  due  to 
the  different  rate  of  expansion  of  the  two  metals.     A  heating  element  in  the  motor  line 
circuit  generates  the  heat  necessary  to  activate  the  atrip.     Current  in  excess  of  the 
desired  amount  causes  deflection  of  the  bimetallic  strip  to  the  extent  that  the  contacts 
spring  apart >   thus  opening  the  holding  coil  circuit  as  shown  in  figure  6-10.     A  reset 
button  is  depressed  to  reactivate  the  machanism  when  the  strip  has  cooled  to  operating 
tolerance. 


Figure  6-9.     Electrical  Diagram  of  a  Magnetic  Starter 


Figure  6-10. 


Bimetallic  Overload  Relay 
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The  melting  allow  overload  relay  employs  a  heating  coll   connected  In   the  motor  lino 
circuit.     See  figure  6-11, 


/////.  I  If  I  • 
't  >  I '  /  /  / 


Figure  6-11,     Melting  Alloy  Thermal  Overload  Relay 

The  heat  caused  by  excessive  current  in  the  motor  rlrcult  melts  the  metal  alloy 
(similar  to  solder)   releasing  the  spring-loaded  shaft.     The  shaft  Is  then  capable  of 
turning  which  permits  the  reset  contacts  to  open»   thereby  disrupting  service  to  the 
motor*     When  the  alloy  has  cooled  and  solidified  sufficiently,   the  motor  may  be 
restarted  by  depressing  the  reset  button.     A  laboratory  example  of  the  melting  alloy 
principle  is  shown  In  the  figure. 


ra 


The  main  advantage  of  the  melting  alloy  over  the  bimetallic  type  is  its  amperage 
ting  doesn't  vary  after  repeated  heatings. 


Magnetic  Overloads 

The  magnetic  overload  relay  consists  of  a  coil,  a  plunger »  a  dashpo 
contacts.  See  figure  6-12.  The  coil  is  connected  in  series  with  the  mo 
determlnod  amount  of  current  passes  through  the  coil,  the  magnetic  tield 
plunger  up  causing  the  contacts  to  open.  By  adjusting  the  length  of  the 
amount  of  current  required  to  pull  the  plunger  up  can  be  varied.  An  oil 
is  added  to  provide  a  time  delay.  A  plate  on  the  bottom  of  the  plunger 
the  oil  and  acts  as  a  piston.  The  plate  has  holes  in  it  that  can  be  adj 
change  the  time  delay.  When  the  coil  pulls  the  plunger  up,  the  oil  must 
the  hole  in  the  plate  as  the  plunger  rises.  By  changing  the  size  of  the 
delay  can  be  increased  or  decreased.  Quick  tripping  is  obtained  through 
light  grade  dashpot  oil. 
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Figure  6-12.     Magnetic  Overload  Relay 

Selecting  Heaters 

The  overload  relay  size  is  determined  by  the  full  load  current  of  the  motor  It 
protects.     When  selecting  the  heaters  to  protect  a  motor,   you  should  check  the  motor 
data  plate  to  find  the  full  load  current.     Each  manufacturer  normally  puts  a  heater 
selection  table  in  the  controller  cover.     Heaters  are  not  Identified  by  amperage     but  by 
the  manufacturer  s  catalog  number.     By  using  the  full  load  current  of  the  motor  to  be 
protected  and  referring  to  the  manufacturer's  table,   the  proper  heater  can  be  selected. 
If  the  full  load  current  of  a  2  hp  motor  at  230V  is  6.8  amps,   the  heater  reaulred  would 
be  a  H1033,  according  to  the  Cutler-Hammer  table. 
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SELECTING  EXTERNAL  OVERLOAD  DEVICES 


This  lesson  Is  designed  to  teach  you  how  to  select  the  correct  external  overload 
device  for  a  particular  motor  using  tables  provided  by  three  different  companies. 


WEE  WILLIE  MOTOR  CO. 

IIP  2 

Ph  3  SO 

HS 

60  HZ 

Volts  208/2 

20/440                                                         RPM  - 

950 

1145 

Frame  184 

Insul.   Class  B               Hi  Volt  Amps 

3.6 

3.2 

Type  K 

Low  Volt  Amps 

7.2 

6.4 

Design  B 

NEMA  CODE  L                          Rating  Temp 

50*C 

40 'C 

Conti  nuous 

Duty               Service  Factor 

1 

1.25 

PROBLEM  1: 

Check  the  motor  data  plate  shown  above. 
If  the  motor  is  connected  to  low  voltage, 
BO  Hz,  what  number  overload  would  be  used? 


a.  Square  D.     ^  • 

b.  Allen  Bradley  No. 

c.  Cutler-Haramer  No, 


PROBLEM  2: 

Check  the  motor  data  plate  shown  above. 
If  the  motor  is  connected  to  high  voltage, 
60  Hz,  what  number  overlo^^d  would  be  used? 


a. 
b, 
c. 


Square  D.  No. 


Allen  Bradley  No. 
Cutler-Hammer  No. 


Motor 
fuU  load 
current 

Relay 
Number 

Motor 
fun  load 
current 

Relay 
Number 

Motor 
tuU  load 
current 

Relay 
Number 

0. 32-0.34 

B  0.44 

1.97-2.23 

B 

2. 65 

10.0-10.6 

B-14 

0.35-0-38 

B  0.51 

2.24-2.50 

B 

3.00 

10.7-11.4 

B  15.5 

0.39-0. 44 

B  0.57 

B 

3. 30 

11.5-12.3 

B  17.5 

2.82-3.19 

B 

12.4-13.6 

0,S4-0.  58J 

D  0.71 

3.20-3.61 

B  4.15 

13.7-14.6 

B  22 

Of  59-0.66 

B  0.  81 

3.62-4.14 

B 

4.85 

14.7-16.8 

B  25 

0.87-0.74 

B  0.S2 

4.15-4.40 

B 

5.50 

16.  9-18.6 

B  28 

B  l._03 

4.41-4.78 

B 

i8.^-i6.a 

B  32 

0.854).W 

B  1.16 

4.79-5.44 

B  ^  M 

B  36 

0.98-1.12 

B  1.30 

5.45-6.16 

B 

7.70 

22. 9-24.7 

B  40 

l.lS-i.*l9 

B  1.45 

6.17-6.86 

B  8.20 

1.20-1.34 

B  1.67 

6.B7-7.64 

B 

9^10 

1.35-1.54 

B  1.88 

7.65-8.41 

BIO.  2 

1.55-1.78 

B  3.10 

8.42  .$.77 

It  9 

i.'rft.i.M 

Ba.40 

-n 

l.i 
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Square  D  Table 


Al len  Bradley  Ta.^yle 


7ur  ktu  1  liATWr 

Tm  liM  1  •tA.'>tor 

Tor  iisi  1  twtftr 

Tot  $itf  4  Ku.'Ur 

lUAgt 

Ainp»r» 
M*nr»  J 

Mo. 

Anp»r* 

Mo. 

Ampvr* 
HihOf* 

Caul  as 

Md. 

AXipf  rt 

11  t.ll.l 
43  0-14.7 
l«.t-II.O 
II. l-ll.t 
U  0.ft4  1 

M  3^0.1 
4C.I-4I  1 

♦«  s.ra.-S 

\a  t.tb  1 

M.tav  1 

hi, 

HIMI 
MItHS 
MID41 
■104) 
H104C 

him: 

HIMI 

nio4b 

BlOlO 
HIOSI 

•  IS-:.,  in 

.l7k>. IIP 

.134.. !«• 
.  IM-.  IID 

Ml  101 
HI  102 
HIIOl 
HI104 
MUDS 

I.IO.I.4t 
l.4tO.  Y« 
1.11.1.01 
I.DKO  41 
I.4I-I.  tl 

moN 

HIOIS 

moM 

HIO«l 

HI  on 

a.tii^.is 

4.tCU.tl 

4. t:. ft.  19 

t.tft.S.Ot 

t.r).i.ti 

H10II 
HIOII 

aioio 
moll 
Mieu 

t  IS-t.tl 
t.  04-10. t 

10.  t-lS  0 
ll.l.ll.t 

11.  t-ll.O 

BlOlt 
MION 
■lOTI 
BIOM 
MiOlt 

.III*.  Ill 
.114-.  lU 
.IM.. 
.»•<■-.  «4B 
.«4e..4M 

H1I04 
Ml  107 
MklO* 
HllOf 
HIllO 

t.%7M.  11 
4.U-4  11 
4. 13. a.  14 
t.  IS.t.  tl 
t.tft>t,4t 

HIO» 

niDii 

StOlO 

niosi 
■lost 

fi.  04*1.41 
I.C-t.ll 
t.M-t.l4 
O.V-IO.I 
lt.S.11.4 

Ml  Oil 
HIOM 
MIO» 
RIOII 

■ion 

iri-it.t 
it.t-it.i 
it.i-irt 
3M.t«.t 

M.t-r.t 

ItlOtO 
■1041 
II1P43 
■1041 
■1044 

.•00>.  U5 
.M>*.UI 
.•S3>.  Ill 
.YII-.Ytf 

.wc-.ni 

■nil 
■nil 
Mini 

■1114 

■lilt 

•  4ft-1.t7 
l.lft^.  14 
t.  Ift-t.  01 
t.M.SD.O 
10.1-11.1 

■1011 
BIDM 

■  IDIS 

■  IDM 

■lon 

ll.»-U.t 

a&  0-14.1 

U.S-11.0 
lt.B.lt.1 
It.  0^.4 

■ion 

■lOlt 
■1040 
■1041 
■10«l 

Sl.t^l.t 

ll.»al.t 
tf.t^e.t 

40. 4 -44  t 
4t.1*tl.O 

■104a 
■1044 
01041 
■1044 
■1044 

04.4-1&.1 

is.a-rj.x 
rr.i-tt.t 

100.  -111. 
114. -111. 

■lOU 
■lOM 

■  I04S 
■I0»4 

■  1091 

.KM-l.DI 
l.U*l.ll 

1.14-t.n 

1.II-1.4I 

■nit 
■nil 
niDit 

■lOlt 
■  lOtO 

Sl.».||.t 
U.O*ll,t 
ll.O.lt.t 

11,1-11.1 
Il.t.lt.t 

KIOU 
■IDU 
BI040 
B1D«1 
MINI 

M.»^.l 
B14-M.t 
M.t-tO.B 
V.4-M.1 
M.t-tt.t 

■1041 
■lb4« 
■10«$ 
■IMt 
■lOtl 

01.t*tl.0 
M.14t.t 

«t>|p14.l 
14  4-M.t 
04.4*00.0 

■lOtO 
■lOtl 
■lOU 
■lOM 
■  lOtt 

itc.  -in 

BIOM 

i.tNi.n 

l.ftO.l.M 
I.M-I.lt 

■  IDIl 
VIBU 

mui 

to.  0.13  t 
U  t-kS  t 

it.4-n.c 

■  1041 

■  1044 

■  iMt 

M.1-4t.O 

Bl04t 

Cutler-Hammer  Heater  Table 

Solution  1  Solution  2 

a.  B  8  >20  a.     B  4 ,15 

b.  N  20  b-       N  19 


C.     H  1032  c.     H  1066 
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MOTOR  SAFETY 

^urn  the  power  OFF  before  doing  any  type  of  work  Involving  electric  motors 

Many  people  have  been  killed  or  injured  with  electricity  because  they  THOUGHT  the 
power  was  off.      It   is  standard  practice  to  checlc  all   "hot"  wires  with  a  voltmeter  to 
make  sure  that  the  power  is  off.     Some  motors  have  start  capacitors  that  remain 
energized  even  if  the  power  is  turned  off.     If  a  motor  has  a  start  capacitor,   it  should 
be  discharged  with  a  bleed  resistor.      (Bleed  resistor:     2  Watt.   15,000  Ohms)     A  bleed 
resistor  will  slowly  "bleed"  the  power  stored  in  the  capacitor.     Use  an  insulated  tool 
to  hold  the  resistor  across  the  capacitor  terminals  for  about  ten  seconds.     Don't  use  a 

^screwdriver  to  discharge  capacitors!     A  screwdriver  will  discharge  the  capacitor  too 
quickly  and  could  cause  it  to  explode.     The  fluid  inside  of  most  capacitors  is  toxic. ••• 

.avoid  handling  it  or  breathing  the  fumes. 

Avoid  coming  in  contact  with  moving  parts  of  a  motor 

People  have  been  killed  or   injured  by  getting  their  hair,   fingers,   or  clothes 
caught  in  motors.     Keep  all  protective  guards  and  covers  in  place  and  be  cautious  of  ANY 
moving  equipment. 

Motors  must  be  kept  clean 

A  dirty  motor  can  cause  a  fire.     Proper  lubricating  and  housekeeping  practices  are 
very  important.     Oil,  grease,   dust  and  lint  can  catch  on  fire. 


Do  not  remove  or  destroy  data  plates 

The  data  plate  provides  important  information  about  a  motor  that  can  help  a 
Qualified  technician  keep  it  operating  safely. 

Motors  must  be  properly  wired 

Motor  connection  diagrams  are  available  for  all  electric  motors.     One  wire  out  of 
place  can  destroy  a  motor  and  cause  sparks  to  fly! 

The  metal   frame  of  motors  and  all  related  equipment  must  be  grounded 

An  ohmmeter  will  indicate  continuity  if  connected  to  a  properly  grounded  motor  and 

any  related  equipment  that  is  grounded.     Continuity  must  exist  between  a  motor,  motor 

starter,    fused  safety  switch,  bre'*icer  panel  and  any  object  that  actually  goes  into  the 
ground . 
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FAILURE  TO  START: 


1.  Blown  fuse,   tripped  circuit 

2.  Low  voltage  or  no  voltage 

3.  Undersized  wires 

4.  Improperly  wired 

5*  Poor  wire  connections 

6.  Undersized  motor 

7.  Defective  capacitor 

8.  Locked  rotor  (stuck) 

9.  Damaged  motor  windings 


EXCESSIVE  NOISE: 


1.  Improperly  mounted 

2.  Improperly  aligned 

3.  Loose  parts 

4.  Bent  shaft 

5.  Damaged  or  excessively 

6.  Dirty  motor 


OVERHEATING  OF  BEARINGS 


1.  Lack  of  lubrication 

2.  Improper  lubrication 

3.  Damaged  or  excessively 

4.  Excessive  belt  tension 

5.  Bent  shaft 


OVERHEATING  OF  MOTOR: 


1.  Undersized  motor 

2.  Undersized  wire 

3.  Poor  wire  connections 

4.  Incorrect  voltage 

5.  High  room  temperature 

6.  Dirty  motor 

7 .  Poor  air  circulation 

8 .  Defective  capacitor 

9.  Damaged  motor  windings 


MOTOR  PROBLEMS  AND  CAUSES 


breaker,  open  overload  dovi 


worn  bearings 


worn  bearings 
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ELECTRIC  MOTOR  REMOVAL  AND  REPLACEMENT  PROCEDURES 


If  a  decision  to  remove  anu  replace  a  motor  has  been  made,   the  following:  procedures 
should  be  followed  as  a  baste  ,uldellne. 


REMOVAL  PROCEDURES 

1.  Turn  the  power  off  Inspect  the  defective  m:>tor  and  attempt   to  identify  the  cause 

of  failure. 

2.  Copy  the  information  on  the  data  plate  This  information  is  necessary  to  find  a 

suitable  replacement. 

3.  Identify  wiring  connections  Make  a  drawing  of  the  wire  connections  and/or  tag 

each  wire  with  numbered  wire  markers. 

4.  Determine  the  direction  of  rotation  Examine  the  driven  equipment  (pump,  fan, 

etc.)  to  determine  the  direction  of  rotation. 

f>.     Study  the  mounting,  alignment  and  position  of  the  motor  Eliminate  confusion 

during  the  installation  of  replacement  motor. 

G.      Remove  the  defective  motor  Take  precautions  to  avoid  losing  parts  (nuts,  bolts, 

washers,  pulleys,   belts,  etc.) 


REPLACEMENT  PROCEDURES 

1.  Select  a  suitable  replacement  Use  the  information  from  the  original  »otor  data 

plate.     Attempt  to  find  an  exact  replacement  as  this  "fftll  make  Installation  easy. 
Exact  replacements  are  not  always  available  and  a  substitute  replacement  may  have  to 
be  used . 

2.  Install  the  replacement  motor  

Exact  replacement :     If  the  replacement  motor  is  identical  to  ths  original,  simply 

put  it  in  the  way  the  original  one  was. 

Substituted  replacement:      If  the  replacement  motor  is  not  identical  to  the  original, 

make  sure  there  are  adequate  installation  instructions. 
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ROTATION  PROCEDUnRS 


During  the  Installation  of  some  replacement  motors,   it  may  bo  necessary  to  change 
the  direction  of  rotation  to  suit  the  particular  need  of  the  driven  equipment  (pump, 
fan,  etc.). 


Single-Phase  Motors 

The  rotation  of  some  single-phase  motors  can  be  reversed  by  the  technician. 
Single-phase  motors  that  have  the  capability  of  being  reversed  may  be  either  ''electri- 
cally reversible''  or  "mechanically  reversible."     Always  follow  the  manufacturers 
instructions  when  changing  rotation. 

-  "ELECTRICALLY  REVERSIBLE" ...  Interchange  the  start  winding  leads.      This  type  of 
motor  has  accessible  start  winding  leads. 

EXAMPLE:      (Taken  from  the  data  plate  of  a  particular  single-phase  motor  designed 
to  operate  at  230  VAC.) 

CCW      Tl    T9               T6    T7  T2    T3  TA    T3  TIO 

»  -I  •  •  •       •  •  1    •  • 

line  1  lin^;  ^ 


CW      T/,     T9  T6    T7  T2    T3  Tl    T*^  TIO 


-  "MECHANICALLY  REVERS I BLE" Disassemble  the  motor  and  turn  the  rotor  around. 
This  type  of  motor  can  be  recognized  by  notches  cut  into  each  of  the  stator 
poles. 


Three-Phase  Motors 

All  three-phase  motors  are  electrically  reversible.     Interchange  any  two  of  the 
three  power  leads. 
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ELECTRICAL  MOTOR  INSPECTION  AND  MAINTENANCE  PROCKDURBS 


inoctrlc!  motors  must  be  porlodlcally  Inspected  and  maintained   to  Insure  proper 
operation.      Inspection  and  maintenance  checklists  are  often  used  to  provld*  guidelines 
to  follow.     A  sample  checklist  Is  shown  below: 


INSPECTION  AND  MAINTENANCE  CHECKLIfJT 

(Steps  1  through  6  are  done  with  the  power  OFF) 

1.  CLEANLINESS. Remove  dirt,   dust  and  lint  from  the  motor  with  clean  rag»  or 
compressed  air. 

2.  ELECTRICAL  CONNECTIONS Al 1  electrical  connections  must  be  raechanldally  and 
eloc trlcal ly  secure. 

3.  NOISE/VIBRATION. Inspect  for  loose  parts,  proper  mounting,  alignment,  etc. 

4.  LUHRICATION. . .Check  shaft  for  ease  of  rotation.     Shaft  should  turn  iWioothly.  If 
lubrication  is  required,   get  specific  lubrication  instructions  for  each  different 
motor.     Some  motors  require  oil  while  others  require  grease. 

5.  BEARINGS. .. Inspect  for  damaged  or  excessively  worn  bearings  by  turning  shaft  and 
listening  for  unusual  sounds. 

6.  END-PLAY /SIDE-PLAY. . .Inspect  shjift  of  motor  to  determine  if  there  is  excessive 
movement  from  end-to-end  or  side— to— side. 


(Steps  7  through  10  are  done  with  the  power  ON) 

7.  RPM... Listen  and  look  at  the  motor  to  determine  if  it  Is  operating  at  the  proper 
speed.  (Good  judgement  is  required)  Special  instruments  can  be  used  to  measure 
RPM. 

8.  AMPERAGE. . .Use  an  ammeter  to  check  the  amperage.  Amperage  should  be  at  or  below 
the  amperage  rating  listed  on  the  data  plate. 

0.  VOLTAGE. . .Use  a  voltmeter  to  check  voltage.  The  voltage  applied  to  a  sotor  shou 
be  within  10%  of  the  voltage  rating  listed  on  the  data  plate. 

10.     TEMPERATURE. . .Use  a  thermometer  to  check  temperature.     The  measured  temperature 
should  be  less  than  the  allowable  temperature  as  determined  by  the  insulation 
class.     Class  A. . .90*C        Class  B. . .110*C        Class  H...150*C. 
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SUMMARY 


The  material  in  this  unit  was  presented  under  the  following  main  topics: 

-  BASIC  CONSTRUCTION  FEATURES  OF  ELECTRIC  MOTORS 

-  THEORY  OF  OPERATION  OF  ELECTRIC  MOTORS 

-  INTRODUCTION  TO  ELECTRIC  MOTORS  (TERMINOLOGY) 

-  MOTOR  OVERLOAD  PROTECTION 

-  MOTOR  STARTERS 

-  MOTOR  STARTERS  WITH  OVERLOAD  PROTECTION 

-  SELECTING   EXTERNAL  OVERLOAD  DEVICES 

-  MOTOR  SAFETY 

-  MOTOR  PROBLEMS  AND  CAUSES 

-  ELECTRIC  MOTOR  REMOVAL  AND  REPLACEMENT  PROCEDURES 

-  ROTATION  REVERSAL  PROCEDURES 

-  ELECTRIC  MOTOR  INSPECTION  AND  MAINTENANCE  PROCEDURES 

NOTES 
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FLFCTRICAL  FUNDAMENTALS 


WB  J3ABR54532  OOl-II-l 


OB.TFCTIVF.s 


Given  information,    identify  basic   facts  relating  to  electrical   fundamentals  by 
correctly  answering  70%  of  the  questions. 


fuses,    fuse  puller  and   fused  safety  switch,    install   circuit  protective 


devices  with  a  maximum  of  two  instructor  assists. 
PROrFPlTRF 

Complete  exercises  as  directed  by   instructions   listed   for  each  exercise. 


TNSTPUCTTON: 

In  the  spaces  helow,    list  10  electrical   safety  practices  to  be  used  when  -  ing 
wit^  electrical  eouipment. 


1  . 


9. 


3. 


4  . 


5. 


7. 


P. 


lO. 


EXERCISE  1 
FLFCTRICAL  SAFETY  PRACTICES 


ERIC 


KXERCISK  2 

INSTALLATION  OP  CIRCUIT  PROTECTIVE  DEVICES 
PROGRESS  CHECK  lb 


INSTRUCTION: 

Yov  will  be  graded  on  your  ability  to  remove  and   install   fuses  in  a  fused  safety 
switch.     Your  Instructor  will  derrtonst ra te  safe  electrical  practices  that  are  used  in  the 
performance  of  this  task. 

CAUTION:     Remove  jewelry,  wear  appropriate  eyewear  (metal   rims  or  frames  are  not 

permitted).     Obtain  approved  fuse  puller  from  instructor.     Work  carefully  and 
ask  auestjons  if  you  are  not  sure  what  to  do. 

INSTALL  CIRCUIT   PROTECTIVE  DEVICES 

1.       Pe-onerrize  fused  safety  switch  by  moving  the  switch  handle  to  the  OFF  position. 

(CAUTION:     A  portion  of  the  safety  switch  will   still   be  'Miot"  even  with  the  switch 
in  the  off  position.) 


2.       Perform  a  visual    inspection  of  the  safety  switch: 

a.  Construction  features 

b.  Maximum  amperage  rating  of  switch 

c.  Type  and  amperage  rating  of  fuses 

d.  Floctrlcal  connections 

e.  Cleanliness 


5. 


Orasp  each  fuse  with   fuse  puller  and  remove  them  from  the  fuse  holders 


Select   replacement  fuses. 


Install  each  replacement  fuse  into  the  fuse  holders.  A  distinctive  "snap"  will  be 
heard  and  felt   to  indicate  that  the  fuse  is  secure. 
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FXFRCISF  3 
ELECTRICAL  FUNDAMENTALS 


INSTRUCTIONS: 

Fill  In  the  blanks  as  directed  by  your  Instructor, 

1.       The  smallest  part  of  an  element   Is  the   


2.  An  atom  Is  made  np  of   ,   »  and 

3.  An  electron  has  a   electrical  charge. 

4.  Under  normal  conditions,  atoms  are  


5.       Atoms  that  have  become  unbalanced  are 


6.       An  atom  that  has  (Gained  electrons  is  considered  to  be 


7.       The  Flectron  Theory  «tates  that  electrical  current  will  flow  from  a  

charge  to  a   charge. 

p.  Is  the  electrical  energy  or  electron  moving  force  produced 

by  negative  and  positive  electrical  charges. 

9,       A  converts  heat  energy  into  electrical  energy. 


10.  A   converts  chemical  energy  into  electrical  energy. 

11.  A   converts  mechanical  energy  into  electrical  energy. 

12.  The  amount  of  current  flow  through  a  wire  is  measured  in  . 

13.  current  travels  in  only  one  direction. 

14.  120  VAC,  60  Hertz  refers  to   current. 

15.  An   Insulator  has   resistance. 

16.  A  conductor  has   resistance. 

17.  Flectricity  can  travel  easier  through  a    wire. 

18.  The  maximum  allowable  current  flow  through  a  No.   14  solid  wire  is    amps 
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19.  A  irreen  colored  wire  represents  a    wire. 

20.  A  switch  in  the  open  position  is   

21.  Puses  are  rated  by   

22.  A  circuit  breaker  "trips"  because  of  too  much  . 

23.  A  circuit  with  low  resistance  will  have    current  flow. 


263 


ERIC 


1-4 


EXERCISE  4 
ELECTRICAL  SYMBOLS 


INSTRUCTION: 


Match  the  symbol  by   letter  to  name  that  identifies  it. 


1.    ohmmeter 

2.    circuit  breaker  (a)  t^0\ 

3.    fuse  — 

4.    SPST  switch  (b)  I  (1) 

5.    ammeter  ~ 

6.  ^  AC  motor  (c)  (m)  ^ 

7.    transformer 

8.    temperature  switch  (d)  (n) 

9.    normally  open  contacts 

10.    AC  generator  (e)  i   i  (o)  ^| 

-H  1^ —  ^ 

11.    battery  '  • 

12  _^   thermocouple/thermopile         (f)  (p) 

13.    lamp 

14.    ground  (g)  |^ — 

15.    coil 

16.    normally  closed  contacts       (h)  ^^^^ 

17.  voltmeter  ^  ^  ^ 

18.  pressure  switch  (i)  o|     jo  (s)  ,  J^p* 

19.  capacitor  ^     I  ^ 

20.    electrode  (j)  (t)  .^^^ 
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THEORY  OF  MAGNFTISM  AND  TRANSFORMERS 


OPJFCTIVF 


Given  information,   identify  basic  facts  relating  to  the  theory  of  magnetism  and 
transformers  by  correctly  answering  70%  of  the  questions. 

pPOrFPUPF 

EXERCISE  1 
THEORY  OF  MAGNETISM  AND  TRANSFORMERS 

IMSTRUCTION: 

You  will   be  graded  on  your  ability  to  identify  basic  facts  relating  to  the  theory 
of  magnetism  and  transformers. 

1.  Any  material  attracted  by  a    is  a  magnetic  material. 

2.  The  ability  of  an  object  to  attract   iron  or  steel   is  known  as   


3.  The  invisible  magnetic  force  surrounding  a  magnet   is  known  as  the   . 

4.  Unlike  poles  of  a  irtagnet   . 

5.  A    material   is  believed  to  consist  of  millions  of  tiny 

magnets? . 

e.       Some  materials  become  magnetized  when   in  a  magnetic  field.     If  the  material   is  no 

longer  magnetized  when  the  magnet   is  taken  away,   the  materials  are  considered  to  be 

  magnets. 


7.       Magnetism  produced  by  electricity  is  known  as 


8.  When  electric  current  flows  through  a   (an)  ,  a  magnetic  field 

Is  produced. 

9.  An  electromagnetic  device  becomes  a  magnet  when   . 


10.  When  the  current   flow  through  an  electromagnet  stops,    it  will    its 

magnet  ism. 

11.  An  electrical  device  that   is  designed  to  control   the  flow  of  water,   oil  or  gas  is 
known  as  a   valve. 

12.  A  control  relay  is  an  electrically  operated   . 


13.     The  moving  part  of  a  relay  is  known  as  a  (an) 


14.     A  relay  that  has  contacts  In  the  open  position  when  the  relay  coil   is  not  energized 

is  considered  to  be  normally  . 

IP.     A  device  that  changes  alternating  current   from  one  voltage  to  another  is  a   


lf>.     The    coil  of  a  transformer   is  connected  to  the  power  source. 

17.  The  coil  of  a  transformer  is  connected  to  the   load  device. 

18.  A  transformer  that  has  a  higher  number  of  turns  of  wire   in  the  secondary  coil  is 

19.  considered  to  be  a   transformer. 

A   low-voltage  control  transformer  steps  voltage   . 

20.  A  high-voltage  ignition  transformer  steps  voltage   . 
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WB  J3ABR54532  001-II-3 
TYPES   AND  CHARACTERISTICS  OF  ELECTRICAL  CIRCUITS 

OBJECTIVES 

Given  Information,   identify  basic  facts  relating  to  types  and  characteristics  of 
electricax  circuits,   by  correctly  answering  70%  of  the  questions. 

Using  electrical  circuit  trainer,   construct  electrical  circuits  with  a  maximum  of 
two  instructor  assists. 

PROCEDURE 

Complete  exercises  as  directed  by  instructions   listed  for  each  exercise. 


EXERCISE  1 
ELECTRICAL  CIRCUITS 


INSTRUCTION 


You  will  be  graded  on  your  ability  to  identify  basic  facts  relating  to  electrical 
circuits  and   the  application  of  Ohm's  Law* 


1.  A  circuit  is  defined  as  having  a  complete  path  for  ^ 

2.  Identify  the  basic  parts  of  the  circuit  drawn  below 
a.  «  NEGATIVE  CONDUCTOR 

 «  POSITIVE  CONDUCTOR 

 »  POWER  SOURCE 

 «  LOAD  DEVICE 

4  C-023 

3.  Label   the  type  of  circuit   that  is  described  in  the  following  statements* 


flow. 


b. 
c . 
d. 


t 


a  • 

b. 


d. 


Current  has  only  one  path  it  can  take  and  has  ov\e   load  device  • 

Current  has  only  one  path  it  can  take  and  has  two  or  more  load 
devices • 

Current  has  more  than  one  path  it  can  take  and  has  one  load 
device  in  each  path. 

A  combination  of  both  series  and  parallel  components. 


Complete  the  following  statements: 

a.     The  mathematical  relationship  between  voltage,   current  and  resistance  of  a 


The 

two 

electrical 

factors 

that 

must 

be 

known 

to 

calculate 

voltage  are 

The 

two 

electrical 

factors 

that 

must 

be 

known 

to 

calculate 
• 

current  are 

The 

two 

electrical 

factors 

that 

must 

be 

known 

to 

calculate 
• 

resistance  are 

ERIC 


6.     Use  Ohm's  Law  to  solve  the  following  problems: 


7.     Characteristics  of  series  load  circuits: 

1  The  Slim  of  the  voltage  measured  across  each  load  device  will  equal  the  total 
^  apnlTed  voltage. 

2  The  same  amount  of  current  will  flow  throughout  the  circuit, 

3  The  sum  of   the  resistances  of  each   load  device  will  equal  the  total  resistance. 

a.     The  voltage  consximed  by  lamp  1  is 

volts . 


120 
VAC 


#1 


#2 


o 

G 


4-a 


b .  The  voltage  consumed  by  lamp  2  is 
  volts. 

c.  Total  applied  voltage  to  this  circuit 
is  volts. 

d.  The  amount  of  current  flow  through 
lamp  1  is    amps. 


e.  The  amount  of  current  flow  through 
lamp  2  is   amps. 

f.  Total  current  flow  through  the  entire 
circuit  is  amps . 


F 

I 

P 

Ls.mp 
1 

Lamp 
2 

TOTAL 

g .     The  resistance  of   lamp  1  is 
ohms . 


h .     The  resistance  of   lamp  2  is 
ohms. 


i.     The  comb-  .ed  resistance  of  this  cir- 
cuit is      ohms. 


ERIC 
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B.     Characteristics  of  parallel  load  circuits: 

Fach  load  device  will  receive  the  same  amount  of  voltage. 

2  The  total  amount  of  current  in  the  circuit  represents  the  sum  of  the  current  flow 
through  each  path.   

3  The  total  resistance  of  the  circuit  is  always  less  than  any  individual 
resistance. 

a.     The  voltage  consumed  by   lamp  1  is 
  volts. 


b.     The  voltage  consumed  by   lamp  2  is 

volts . 


c.     Total  applied  voltage  to  this  circuit 
is    volts. 


d.  The  amount  of  current  flow  through 
lamp  1  is  amps. 

e.  The  amount  of  current  flow  through 
lamp  2  is  amps. 

f.  Total  current  flow  through  the  entire 
circuit  is   amps. 


g.     The  resistance  of  lamp  1  is 
ohms. 


h.     The  resistance  of  lamp  2  is 
ohms. 


i.     The  combined  resistance  of  this  cir- 
cuit is    ohms. 
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EXERCISE  2 
CONSTRUCTING  ELECTRICAL  CIRCUITS 


PROGRESS  CHECK  3b 


INRTRITCTTON 


You  will  be  graded  on  your  ability  to  construct  electrical  circuits.     This  progress 
check  Is  divided  into  four  sections  representing  simple,   series,   parallel  and  series- 
parallel  circuits.       Your  instructor  will  be  closely  monitoring  your  work  to  determine 
if  you  fail   to  demonstrate  the  appropi*iate  level  of  proficiency. 

CAUTION:     Remove  Jewelry,  wear  appropriate  eyewear;  metal  rims  or  frames  are  not 

permitted.     Obtain  wiring  from  trainer  drawer  and  carefully  inspect  them  for 
safety.     If  additional  wires  are  needed,  ask  instructor.     (Do  not  take  wires 
from  other  trainers)     Work  safely  and  ask  questions  if  you  are  not  sure  about 
what  to  do. 

CONSTRUCT  A   SIMPLE  CIRCUIT 


STEP  1:     Complete  the  drawing  to  represent  a  simple  circuit. 

STEP  2:     Wire  the  circuit  on  the  trainer  using  your  drawings  as  a  guide. 


STOP  HAVE  THE  INSTRUCTOR  CHECK  YOUR  CIRCUIT 


STEP  3:     Apply,  power  to  your  circuit  and  check  for  proper  operation. 


Simple  Circuit 


2 


70 
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COKRTRUCT  A  SERIFS  CIRCUIT 


STFP  1:     Complete  the  drawing  to  represent  a  series  circuit. 


STEP  2:     Wire  the  circuit  on  the  trslner  using  your  drawl 


ng  as  a  guide. 


HAVE  THE  INSTRUCTOR  CHECK  YOUR  CIRCUIT 


STEP  3:     Apply  power  to  your  circuit  and  check  fo 


r  proper  operation, 


24  WIC 


e-027 


Series  Circuit 
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rONSTPUCT  A   PARALLEL  CIRCUIT 


STKP  1:     complete  the  drawing  to  represent  a  parallel  circuix, 


5;TFP  2:     Wire  the  circuit  on  the  trainer  using  your  drawing  as  a  guide. 


HAVE  THE  INSTRUCTOii  CHECK  YOUR  CIRCUIT 


STEP  3:     Apply  power  to  your  circuit  and  check  for  proper  operation. 


24  VAC 


Parallel  Circuit 
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CONPTPUCT  A  SEBIKS-PABALLFL  CrBCtllT 


STEP  1:     Complete  the  drawing  to  represent  a  series-oaral lei  circuit. 


STFP  2:     Wire  the  circuit  on  the  trainer  using  your  drawing  as  a  guide. 


HAVE  THE   INSTRUCTOR  CHECK  YOUR  CIRCUIT 


^'^^^  3=     Apply  power  to  your  circuit  and  check  for  proper  operation. 


24  VAC 


e-<M» 


Series-Parallel  Circuit 
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WB  J3ABR54532  001-II-4 


ELECTRICAL  WIRING  DIAGRAMS 


OPJPrTTVF 


Uslnp  the  electrical  dlaftrams,   trace  electrical  circuits  to  determine  operating 
characteristics,   by  answering  correctly  70%  of  the  questions. 

PROCEPUPFS 

Complete  exercise  as  directed  by  your  instructor. 


274 


O  4-1 

ERIC 


FXKRCISE  1 
RLKCTRICAL  WIRING  DIAGRAMS 


INSTRUCTION: 


^  r.^  T?"  ^^}}  ^®  graded  on  your  ability  to  provide  information  relating  to  electrical 

^AlsF^^^t  tll^^^  res^ponsos.     Writl   tL  word  tSur  or 

FALSE  as  it  applies  to  each  statement. 


FAN-LIMIT 

CONTROL 


FAN  MOTOR 


I20 

VAC  LzO- 


FUSEO  DISCONNECT 


O 


24  y 

TRANSFORMCR 


THERMOSTAT 


Y  R  G  W 
O  (»  O 


120  |— 'g^v 


GAS  VALVE 


E-033 


DOMESTIC  FURNACE  DIAGRAM 
(1-5)     Use  figure  to  determine  if  the  statements  below  are  True  or  False 
^-  _120  volts  are  applied  to        and  L2 . 


_The  fan  motor  receives  24  volts  during  operation. 


3. 


^The  gas  valve  receives  240  volts  during  operation. 


4. 


Terminals  R  and  W  must  be  connected  to  energize  the  gas  valve. 


_The  limit  control  contacts  are  shown  to  be  closed. 
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L|  , 

POWER  SUPPLY 
La  


120  V 


PRIMARY-^ 


k)  o 


RELAY  CONTACTS 

rvr'1 


FAN  MOTOR 

CONTROLLER 
 O^O— 


RELAY 
COIL 

-Ar- 


24  V 


'SECONDARY 


Fan  relay  circuit 

(6-11)     Use  figure  to  determine  if  the  statements  below  are  True  or  False. 


6.  _    The  transformer  receives  120  volts  from  the  power  supply. 

7.    The  power  supply  is  connected  to  the  secondary  side  of  the  trans- 

former. 

p.   The  relay  coil  will   receive  24  volts  when  the  controller  switch  is 

closed . 

9.  The  fan  motor  will  receive  24  volts  when  the  relay  coil  is 

energized . 

10.    The  fan  motor  will  operate  continuously. 

11.   The  relay  contacts  are  normally  open. 
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THERMOSTAT 


UPPER  LIMIT 


TRANSFORMER 

scconoaryT 


r 


GAS  VALVE 


FAN  AND  LIMIT 
POWER  SUPPLY  CONTROL 


BLOWER  MOTOR 


Warm  Air  Furnace  Diagram 
(12-20)     iFse  Figure  to  determine  if   che  statements  below  are  True  or  False. 
12.   Plov    r  relay  contacts  2  and  6  are  normally  closed. 


13 


Terminal  R  of  the  transformer  Is  connected  to  terminal  R  on  the 
thermostat . 


14, 


The  blower  motor  can  operate  at  2  different  speeds. 


15. 


The  limit  and  the  upper  limit  contacts  are  normally  open. 


16, 


Terminals  2  and  3  of  the  blower  relay  are  normally  closed. 


17. 


If  the  thermostat  terminals  R  and  W  make  contact,  the  gas  valve  would 
become  energized . 


18, 


If  the  thermostat  terminals  R  and  G  make  contact,  the  blower  motor 
would  become  energized. 


19. 


Thermostat  terminals  R  and  G  are  connected  to  120  volts, 


20, 


If  thermostat  terminals  R  and  Y  make  contact,  the  transformer  would 
become  energized. 
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ELECTRICAL  TEST  EQUIPMENT 


WB  J3ABR54532  001-II-5 


Uslnp^  rpiil  timeter,   select,   care  and   use  Ohmmeter  f  unctlon(continul  ty )   by  correctly 
identlfy:.ir  the  resistance  characteristics  of  70%  of  the  devices. 

Usinp:  nwiltlmeter,   select,  care  and  use  voltmeter  function  by  correctly  identifying 
the  voltape  characteristics  of  70%  of  the  electrical  devices. 

Usinp  mult imeter,   select  care  and  use  Ommeter  function  by  correctly  Identifying 
amperagre  characteristics  of  3  out  of  4  electrical  devices. 

PPOTFPUPF 

Complete  exercises  as  directed  by  instructions  given  for  each  exercise. 

EXERCISE  1 

ELECTRICAL  TEST  EQUIPMENT  OHMMETER 

PROGRESS  CHECK  5a 

INSTPUCTION: 


you  will  be  graded  on  your  ability  to  select,  care  and  use  an  ohmmeter  by  checking 
continuity  of  10  electrical  items*     (fuses,   switches,  wires,  etc.)     A  minimum  of  7 
correct  responses  is  reauired. 


JAWS 


POINTER  LOCK 
TRIGGER 


POINTER 


E-036 


Determine  whether  the  ohmmeter  scales  below  indicate  CONTINUITY 
OR  NO  CONTINUITY. 


PART  1 
PRACTICE 

OHMS 


OHMS 


•  00 


OHMS 

•  0 

•  00 

OHMS 

•  00 

(Mever  use  the  ohmmeter  to  check  anything  that  has  power  applied  to  it.) 

Write  fcdti*riNUITY  or  CONTINUITY  in  ihe"'t)'lanic'" that  describes  each  item 
you  check. 


1 
P 


2  ^ 
6 

10 


4 

8 
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EXERCISE  2 
ELECTRICAL  TEST  EQUIPMENT 


-  VOLTMETER 


PROGRESS  5B 

INSTRUCTION: 

Yoxj  will  be  graded  on  your  ability  to  select,   care  and  use  a   voltmeter  by  measuring 
voltage  at  10  different  test  stations.     A  minimum  of  7  correct   responses   is  required. 


tosa 


PART  1 
PRACTICE 


Determine  the  voltage  indicated  on  the  scales  below. 


VOLT 


VOLT 


E*03» 


2 


3 


(Always  set  the  voltmeter  on  its  highest  range  when  measuring  an  unknown  voltage.) 


PART  2 

GRADFn  Record  voltape  readings  from  each  test  station  in  the  blanks  below. 

2  3  4 


9 


10 


5 
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FXFRCISR  3 
Kl.ECTRICAL  TEST   RQUIPMENT  AMMKTER 


PROGRESS  CHECK  5c 


INSTRUCTION: 

You  will  be  graded  on  your  ability  to  select,   care  and  use  an  ammeter  by  checking 
ampera(?e  at  4  different  amperage  test  stations,     A  minimum  of  3  correct  responses  is 
required . 


CONDUCTOR 


JAWS 


TRIGGER 


POINTER 


PART  1 
PRACTICE 


AMP 

100- 

60- 

40- 

20- 

0- 

AMP 

40- 

30- 

10- 

0- 

AMP 

15- 

12- 

9- 

6- 

0- 

AMPS  2 


AMPS 


AMPS 


(Always  set  the  ammeter  on  its  highest  range  when  rreaeuring  unknown  amperage, 
riamp  the  ammeter  around  one  current  carrying  conductor.  Placing  the  ammeter 
around  two  current  carrying  conductors  will  given  an  inaccurate  reading.) 


PART  2 
GPAPFD 


RFCORP  AMPKRAGK  RFADINGS  FROM  EACH  TEST  STATION   IN  THE  BLANK?  BELOW 


EKLC 
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EXERCISE  4 

USE  OF  ELECTRICAL  TEST  EQUIPMENT   IN  ELECTRICAL  CIRCUITS 


INSTRUCTION: 

Select  the  response  indicated  by  the  electrical   test  equipment  used  in  the 
cirawxngs* 


WB  J3ABR54532  001-II-6 

ELECTRICAL  MOTORS  AND  MOTOR  STARTERS 

Given  information.   Identify  basic  facts  relating  to  electrical  motors  and  motor 
starters,  by  correctly  answering  70%  of  the  questions. 

Using  a  trainer,    remove  and  replace  electric  motor,   with  a  maximum  of  two 
instructor  assists. 

Using  a  single-phase  and  three-phase  motor  trainers,    reverse  the  motor  rotation, 
with  a  maximum  of  two  instructor  assists. 

Using  a  three-phase  motor  trainer,   inspect  and  maintain  motor,   with  a  maximum  of 
two  instructor  assists. 

PPOCFOUPF 

Complete  exercises  as  directed  by  Instructions  given  for  each  exercise. 

EXERCISE  1 
ELECTRIC  MOTORS  AND  MOTOR  STARTERS 

IN5?TPnCTlON: 

You  will  be  graded  on  your  ability  to  identify  basic  facts  relating  to  electric 
motors  and  motor  starters  by  correctly  answering  70%  of  the  responses. 

(1-20)  Matching 


1.    Stationary  section  of  a  motor  that  contains  the  windings  and  the  electro- 
magnetic core. 

2.    Rotating  section  of  the  motor. 

3.    The  .jortion  of  a  motor  that  holds  the  bearings. 

4.    Allow  smooth  rotation  of  the  shaft. 

5.    Provides  important  information  about  the  motor. 

6.    A  device  that  changes  electrical  energy  into  rotating  mechanical  energy. 

7.    Amount  of  work  a  motor  will  do  without  damaging  it. 

8.    Designates  the  t;    e  of  electrical  power  distributed  to  a  motor. 

9.    Alternating  current  motor  with  only  two  current  carrying  conductors. 

10.    Alternating  current  motor  with  three  current  carrying  conductors. 

11.    A   type  of  single-nhase  motor  with  start  and  run  windings  and  a  centrifugal 

switch . 

12.    A  type  of  single-phase  motor  similar  in  construction  to  the  split-phase 

motor  with  the  addition  of  a  capacitor. 

13.    An  electrical  device  capable  of  storing  an  electrical  charge. 

14.    Refers  to  a  complete  change  in  di rection  of  alternating  current . 

15.    T'he  amount  of  amperage  consumed  by  a  motor  when  it  is  first  turned  on. 

If?.    The  amount  of  amperage  consumed  by  a  motor  when  it  is  delivering  its  rated 

horsepower* 

17.    Refers  to  the  number  of  shaft  rotations  in  one  minute. 

18.    Determines  the  maximum  allowable  operating  temperature  of  a  motor. 
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19. 
20. 


Refers  to  the  clockwlue  or  counter-clockwise  rotation  of  a  motor. 
A  motor  which  has  the  ability  to  operate  at  more  than  one  speed. 


If  Capacitor  motor  q  i  if  motor 

N  Horsepower  rating  R  3  0  motor 

O  Multiple  speed  motor  S  F.   L.  A. 

P  Split-phase  inotor  T  L.  R.  A. 


(21-33)     Using  the  data  plate  illustrated  in  the  figure  below,  enter  the  information  in 
the  following  blank  spaces  to  adequately  identify  motor  installation  and 
operation  data • 

21.  Manuacturer ' 8  name 

22.  Horsepower  Fating  

23.  Rating  Temperature  at  60  Hz.   

24.  RPM  at  60  Hz.   

25.  RPM  at  60  Hz.  

26.  Hertz  (Hz.)     ^   or  

27.  Number  of  phases   

28.  Voltages  motor  will  operate  at  /  ^  

29.  Pull  load  amperage  (P.L.AO  at  220  VAC:  60  Hz.  

30.  Pull  load  amperage  (P.L.A.)  at  440  VAC:  60  Hz.  ^  

31«  National  Flectrical  Manufacturers  /Association  Code 

32.  Duty  Rating  ^  

33.  Service  factor  at  60  Hz.  

34.  Prame  No. 


A     Data  Plate  E    Hertz  I  CW-CCW 

B     PPM  P    Motor  J  Capacitor 

C    Phase  G     Stator  K     End  bells 

D    Rotor  H    Pearlngs      L  Insulation 

class 


WEE 

-  V.T1.1.TE  MOTOR  CO. 

HP  2 

Ph  3 

50 

CO  Hi 

Volts  flHi|r220/440 

RPM  - 

IMf. 

Frame  184 

Hi  Volt  Ampr.  « 

3.t 

l.ow  Volt  Ainps- 

Design  B  | 

^^e•A^  CODE  L 

Hating,  Tc**.^.- 

50»c 

40 

Cont  )^uoo5 

Dot 

i 

S€TV\tt 

J. 
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Quostiions  35  througV   40  are  related  to  r{>otor  starters  and  overload  protectors.      Use  the 
tables  in  the   fol  owing  figures  and  th^   motor  data  plate  to  determine  the  correct 
overload  un^t   for  each  brand  of  motor  f  ' arter  and  write  the  number   in  the  blank  spaces 
provided . 

35-37     ChecTc  the  motor  date  plate  sho'      on  PCicjo  6-2;   if  the  motor  is  connected  to  low 
voltage;   oO  Hz.,   what  number  overload  yould  be  used?     Use  Motor  Starter  Overload 
Protector  Tables. 

3  5.      Square  D  No.  .  ^  

36.  Allen  Bradley  No.   

37.  Cutler-Hammer  No.   (Use  size   1  starter) 


38-40     Check   the  motor  data  plate  shown  on  Page  6-2;   if  the  motor  is  connected  to  high 
voltage;    60  Hz.,    what  number  overload  unit  would  be  used?     Use  Motor  Starter  Overload 
Protector  Tables. 

38.  Square  D  No.   

39.  Allen  Bradley   

40.  Cutler-Hammer  No.    (Use  size   1  starter) 


MOTOR  STARTER  OVERLOAD  PROTECTOR  TABLES 


Motor 
full  load 
currant 


Relay 
Number 


Motor 
full  load 
current 


RaUy 
Numbei 


fuU  load 
current 


ReUy 

Number 


0. 3a-Oi^»4 


B  0.44 


2.14^.56 


B  1.65 

B 


10.0-10.6 


B-14 


0.35-0>36 
_0.3Q-4>.44 


B  0.51 


i6.^.1i.4" 


B  15.5 


BO.  57 


B  3.30 


B  17.  a 


does: 


■0-5« 


13.7>14.6 


B  31 


0. 59.4).  66 
0.6T-O.T4 


B  0. 


i: 


B  15 


0.W 


i 


}f.7-10,l 


B  16 


15 


0>  96-1. 


BI.30 


14. 1-37.8 


B  45 


Square  D  Table 
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Heater 

Type  No/ 

Full  load 
Amps 

Heater 
Type  No. 

Full  IrvAd 

Heater 

Type  No. 

ruU  lokc2 
Amps 

Heater 
Type  No. 

Full  load 
Amps 

'  N  2 
N  3 

N  4 
■    M  5  ■ 
N  6 

N  i  ■ 
N  e 

N  9 
N  10 

0.48 
0. 59 
0. 74  ■ 

o.ai 

0.«9 
0.97 

I  mP  - 
1.31 

19  11 
N  ' 

^  N  14 

N  1& 
"    N  16 

N  1* 

N  Ifl 

N  10 

1.6 

1.  T?  - 

■  i.a  - 

2.  U  - 

i.4i  ■ 
a.n 

3.11 

N  21 
H  22 
N  SS 

N  24 

^  i5 
N  26 
N  27 
N  28 

3»47 
2.66 

4.2ft  ' 
4.§0 

9.22 
D.76 

6.4i 

7.74  1 

N  29 
N  36 
N  SI 

N  33 

IN  U  " 

6.35 
9.13 
10.5 

iKi 

12.6 
14.3 

Allen  Bradley  Table 


■EATER  coo.  IKLKCTK>N  TABLES 


For  BtM 

1  ttMTWr 

Wm  SIM  1  OUrtor 

ror  OlM  1  SUrter 

For  liM  4  SUrirr 

Astptr* 

No. 

Ampar* 
Rut* 

Ho. 

Cfttetae 
Ho. 

Astpor* 

CaUlog 

Ho. 

Aniporo 
Raaco 

CftUlOg 

Ho. 

.irr-.iTf 
.m..iM 

.  lie  110 

niioi 
miM 
mios 

MUM 
■1109 

1. 10^1.41 
1.44^.14 

a.n.i.OT 

I.M.S.4S 

a.4i.s.oi 

■lOM 

moil 

■lOM 

nioM 

mM7 

a.O>M.M 
CM.4.II 
4.M.0.M 
«^M.O.M 

'.O.M 

■ion 
■ton 
moso 
mosi 

O.M.10.0 
10.  0.11.0 
1I.I-IS.0 
lt.0-11.0 

■ion 

■ION 
■I0S1 
■lOM 
RiOSr 

ll.ft-ll.l 
•2.0-14.1 

•4.0-n.o 
n.i-ii.i 

U.O-N.I 

RIMI 
RIMI 
RIM4 
M1M9 
■IMI 

.III..  Ill 

.114..  lU 

.iM-.m 
.Me*.  Ml 
.Me-.«M 

HUM 
■HOT 

miM 

■IIM 

miio 

i.M^.a7 

4.IS.4.YI 
4.n.t.»4 
•.|S.t.t7 
•.M»i.M 

NIOM 

niOM 
moM 
■loai 

■lOM 

•.M.r4i 

7.M.«.tS 
•.M.f.tf 
•.MO.  2 

■lOU 
■lOM 
■lUI 

m«M 

mon 

II.  1-14.0 
1I.0.II.I 
11.6-SI.O 
II.1-M.I 
M.O-SY.O 

III040 
RIMI 
■lOU 
■IMI 
■lOM 

M.  1.40.1 

40.0-  44.1 

44.1-  R.4 
U.  O.M.  1 
M.S-M.I 

RIMI 
■IMI 
■IMI 
RlOW 
RI09I 

.ioo*.ie3 

.MS..  Ml 

.ess  0.111 
.YU..nt 

.MO..  MS 

mill 
mm 
mm 
m!«4 
mm 

•.40.1.17 
7.U-6.I4 
•.104.  M 
•.N.tO.6 
10.1.II.S 

moM 
moM 

■lOM 

moM 

■1621 

11. 5.11.  • 
11.6-14.1 

M.o«ia.^ 

••^•^•.l 
I6.6-26.4 

■l»M 

m«N 
moM 
mou 
mott 

n.oai.i 

ll.4.St.l 
••.4-M.I 
M.  4-41.0 
41.7-U.O 

■IMS 

m«M 
■leci 
moM 
m6to 

M.  4.19.1 
1ft.  I«4T.  1 

•T.  i-n.o 

iM.  .m. 
114.  .in. 

moftt 

■lOM 
■lOU 
■lOM 

■ion 

.004-1.  tl 
I.M.I. tl 
I.M.I.Sf 
I.M.I.4S 
1.44  .l.M 

mm 
mm 

■1010 

moio 
moM 

tt.O«tl.l 
U.  0.1 1.0 
tO.O.II.« 

lo.vn.i 
n.  0.11.0 

moM 
mtM 

I16M 

f^MI 
■I6M 

n.4^s 

••.6.M.S 
Ml  4.61.1 
•t.6iJ0.0 

mMi 

WOM 

mMi 
moM 
mon 

OI.O-M.O 
M.l-4i^k 
••.•.14.1 
V4.4-M.I 
M.4->00.0 

■ion 

■lOU 
■lOtt 

moM 

■lOU 

in.  -in. 

RIM4 

i.oi.r.M 

I.I0.I.M 
1.00.1.10 

■IMI 

men 

■lOM 

M.o-sa.ft 
ai.o.M.1 

••.4*«I.O 

■IMI 

meM 

■IMI 

•0.1.4  0.0 

■lOM 

Cutler-Hammer  Heater  Tab  .e 


EXERCISE  2 


REMOVAL  AND  REPLACEMENT  OF  ELECTRIC  MOTORS 
PROGRESS  CHECK  6b 

INSTRUCTION: 

Your  instructor  will   demonstrate  removal  and  replacement  procedures  for  an  electric 
motor.     After  the  demonstration  you  will  be  given  a   furnace  blower  assembly  and  a 
replacement  motor.     You  are  to  remove  and  replace  the  motor  with  a  maximum  of  two 
instructor  assists. 


CAUTION:     Remove  Jewelry,  wear  appropriate  eyewear  (metal   rims  or  frames  are  not 

permitted).     Most  blower  assemblies  have  sharp  metal  edges;   be  careful   not  to 
get  cut.     Use  proper  tools  for  the  Job,   work  carefully  and  ask  questions  if 
you  are  not  sure  what  to  do. 


REMOVE  AMP  REPLACE  ELECTRIC  MOTORS 

1.      Rh^MOVAL  PROCEDURES: 

(a>     Inspect  original  motor 

(b)  Identify  wiring  connections 

(c)  Remove  original  motor 


PEPI.ACFMENT  PROCEDURES 

(a)  Select  proper  replacement 

(b)  Install   replacement  motor 


EKLC 
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EXERCISE  3 
REVERSING   ROTATION  OF   ELECTRIC  MOTORS 


PROGRESS  CHECK  6c 


INSTRUCTION t 


a  t>,rl2"«>,f2r''"r°''  "^^11  demonstrate  how  to  reverse  the  rotation  of  a  s 
t.!^  ^ZE  "^tor.     After  the  demonstration  you  will  be  required  to  pe 

task  with  a  maximum  of  two  instructor  assists. 


,   wear  appropriate  eyewear   (metal   rims  or  frames  are  not 
se  proper  tools   for  the   job,   work  carefully  and  ask  questions  if 
''Lw^^"^''^^^  ^°  I"«tructor  must  check  all  wire  connection. 


REVERSE  ROTATION  OF  SINGLE-PHASE  MOTOR 

1.  Inspect  motor 

2.  operate  motor  to  determine  direction  of  rotation. 

3.  Interchange  start  winding  leads  (1-4). 

4.  operate  motor  to  verify  change  of  rotation. 

REVERSE  ROTATION   OF  THREE-PHASE  MOTOR 

1.  Inspect  motor 


2.  operate  motor  to  determine  direction  of  rotation. 

3.  Interchange  any  two  of  the  three  power  3^ads. 

4.  operate  motor  to  verify  change  of  rotation. 
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EXRRCISE  4 

INSPECTION  AND  MAINTENANCE   OF   ELECTRIC  MOTORS 


PROGRESS   CHECK  6d 


INSTRUCTI'^>I: 

Your  instructor  will  demonstrate  how  to  inspect  and  maintain  an  electrical  motor. 
After  the  demonstration  you  will  be  required  to  perform  the  same   task  with  a  maximum  of 
two  instructor  assists.     Use  the  inspection  and  maintenance  checklist  and  place  a  check 
in  the  blank  provided   for  each  step  completed. 


CAUTION:     Remove   jewelry,  wear  appropriate  eyewear   (metal  rims  or   frames  are  not 

permitted).  Use  proper  tools,  supplies  and  testing  equipment  for  the  job, 
work  carefully  and  ask  questions   if  you  are  not  sure  about  what  to  do. 


inspection  and  maintenance  checklist 

  cleanliness 

  electrical  connections 

  noise/vibration 

  lubrication 

  bearings 

  shaft  end-play 

  RPM 

  AMPERAGE 

  VOLTAGE 

TEMPERATURE 
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SAVE  A  LIFE 


If  you  observe  an  accident  involving  ekxtrical  shcck, 
DON^r  JUST  STAND  THERE  -  DO  SOMETHING! 
RESCUE  OF  SHOCK  VICTIM 

The  victim  of  electrical  shock  is  dependent  upon  you  to  give  him  prompt  first  aid. 
Observe  these  precautions: 

1.  Shut  off  the  high  voluge. 

2.  If  the  high  vohage  cannot  be  turned  off  without  d^Uy,  free  the  victim  from  the  live  conductor. 
REMEMBER: 

a.  Protect  yourself  with  dry  insulating  material. 

b.  Use  a  dry  board,  your  belt,  dry  clothing,  or  other  nopconduciing  maten«il  to  free  the  victim.  When 
possible  PUSH  -  DO  NOT  PULL  the  victim  free  of  the  high  voltage  source. 

c  DO  NOT  touch  the  victim  with  your  bare  hands  until  the  high  voltage  circuit  is  broken. 
nRST  AID 

The  two  most  likely  results  of  electrical  shock  are:  bodily  injury  from  fallir.g,  and  cessation  of  brcAthin;;. 


^        While  waiting  for  emergency  medical  assistance: 

TX)  THESE  THINGS! 

1.  Control  bleeding  by  use  of  pressure.  Use  a  tourniquet  only  as  a  last  re&crt! 

2.  Begin  IMMEDIATELY  to  use  artificial  respiration  if  the  victim  is  not  hreathing  cr  is  breathing  poorly: 
a.  Turn  the  victim  on  his  back. 

b^  Oear  the  mouth  and  throat.  (If  foreign  matter  is  present,  wipe  it  away  quickly  with  a  cloth  or 
your  fingers.) 

c.  Place  the  victim'^  l^ad  in  the  *"sword-swaUowing''  position.  (Place  the 
head  as  far  back  as  possible  so  that  the  front  of  the  neck  is  stretchc«i  ) 

d.  Hold  the  lower  >w  up.  (Insert  your  thumb  between  the  victim's  teeth  at 
the  midhne  -  pull  the  lower  jaw  forcefully  outward  so  that  the  lower  teeth  are 
further  forward  than  the  upper  teeth.  Hold  the  jaw  in  this  position  as  long  as  the 
victim  is  unconscious.) 

e.  Close  the  victim's  nose.  (Compn-ss  the  nose  between  your  thumb  and 
fbrefinger.)  , 

f.  Blow  air  into  the  victim's  lungs.  (Take  a  deep  breath  and  cover  the 
victim's  open  mouth  with  your  open  mouth,  making  the  contact  air-tight.  Blow 
until  the  cheat  ri«cs.  If  the  che«t  does  not  rise  when  you  blow,  improve  the 
position  of  the  victim's  atr  passageway,  and  blow  moie  forcefully..  Blow 

    forcefully  into  adults,  and  gently  into  children.) 

g.  Ut  air  out  of  the  victim's  lungs.  (After  the  chest  rises,  quickly  separate  lip  contact  with  tht  v.ciim 
allowing  him  to  exhale.) 

h.  Repeat  steps  /  and  g  at  the  rate  of  12  to  20  times  per  minute.  Continue  rhythmically  without 
interruption  until  the  victim  starts  breathing  or  is  pronounced  dead.  (A  smooth  rhythm  U  desirable,  but  spUt- 
second  timing  is  not  essential.)  ^ 


DONT  JUST  STAND  THERE  -  DO  SOMETHING! 
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EXPLANATION  CF  TERxMS 


ABSOLUTS  ZERO  —  Where  molecular  activity  ceases  C459.69T). 
ABSORPTION  —  Process  of  absorbing,   to  take  in,   make  a  part  of. 

ACCESSORIES  —   Items  not  essential,   but  adding  to  the  convenience  or  effectiveness  of 
something  else. 

ACCUMULATE  —  Collect,    to  increase  in  quantity. 

ADJUSTMENT  —  To  regulate,    to  bring  to  a  niore  satisfactory  state. 
AGITATOR  —  Device   for  shaking  or  stirring. 

ALIGNMENT  <nto  precise  position,   proper  positioning  or  state  of  adjustment  of 

p. 

ALTITUDE  —  The  vertical  elevation  of  an  object  above  sea  level 

ANALYSIS  —   Identification  or  separation  of  ingredients  of  a  substance,   separation  of  a 
who le  i nto  its  component  parts . 

ANALYZER         Device  used  in  analysis. 

ANEMOMETER  —  Instrument  for  measuring  and  indicating   the   force  or  speed  of  the  wind. 
ANTHRACITE  —  A  hard  shiny  coal. 

AQUASTAT         A  controlling  device  actuated  by  water  temperature. 

ASBESTOS         A  fire-resistant  material. 

ASPHYXIATION  —  Death  because  of   lack  of  oxygen. 

ASPIRATOR  —  Device  used  to  create  a  suction. 

ATMOSPHERIC         Of  or  relating  to  the  atmosphere. 

ATOMIZATION  —  Act  of  atomizing,   breaking  into  fine  particles. 

AUTOMATIC  —  Self   act  . 

AUXILIARY  —  Vr  ijvicit^   help,    functioning  in  a  subsidiary  capacity. 

BAFFLH  —  Use   to  direct   flow  of   Kaso.s ,    steam  or  wator. 

BEARING  —  A  machine  part   in  which  a  shaft  or  pin  turns. 

BIMETALLIC         Composed  of   two  different  metals. 

BINARY  Something  constituted  of   two  things  or  parts. 

BITUMINOUS  —  Sol't  coal. 

3L0WD0WN  —  Discharge,   drain  partially. 

BOILING  —  Heat'rfd  to  the  boiling  point. 

BONDING  -~  Adhesive  or  cementing  material. 

BTU  —  British  thermal   unit,   unit  of  heat  measurement. 

BURr.ER  —  Part  of  heating  unit  which  produces  flame. 


EKLC 


292 


CAKING  —  To  form  or  harden  Into  a  mass. 

CALIBRATION         To  determine,   a  mark  of  graduation,   the  act  or  process  of  calibrating. 
CAPACITY  —  Measure  of  content,  maximum  output. 

CARBON  —  An  essential  part  of  coal  and  oil.  ' 

CARBON  UIOXIDK  — ■  A  gas  consisting  of  one  part  carbon  and  two  parts  oxygen  (COg). 

CARBON  MONOXIDK  ~  A  gas  consisting  of  one  part  carbon  and  one  part  oxygen  (CO). 

CATHODIC  PROTECTION         Reduction  or  prevention  of  corrosion  of  a  metal   surface  using  an 

electrical  current  flow. 

CELSIUS  ~  Thermometric  scale,   the  interval  between  freezing  and  boiling  is  divided  into 
100  degrees. 

CENTIMETER  —  Metric  measurement  equaling  0.39  inch;   0,01  of  a  meter. 
CENTRIFUGAL  —  Going  or  acting  in  a  direction  away  from  a  center  or  axis. 
CHARACTERISTIC  —  Trait«,   qualities  or  properties. 

CHIMNEY  ~  Vertical   structure  enclosing  a  flue   that  carries  off  combustion  gases. 

CIRCUIT  —  The  complote  path  of  an  electrical   current  usually   including  the  ffource  of 
electric  energy. 

CIRCULATE  —  To  move,    usually  in  a  circle,   circuit  or  orbit. 

CLASSIFICATION  —  Division  of  a   larger  category. 

CLASSIFIED  —  Divided  into  classes. 

COEFFtCIENT  —  A  number  tfiat  serves  as  a  measure  of  some  property  or  characteristic  • 
COMBINATION  —  Two  or  more,  together. 
COMBUSTION  —  Burning. 

COMl>ENSATING  —  Making  up   for  something. 
COMPONENT  —  A  part  of. 
COMWSrTlON  Maao   up  of. 

CONCENTRATION  ~  Strength   (as  in  strong  tea). 
CONDENSATION  —  Act  of  steam  turning  back  into  water. 
CONDUCTION  —  The  act  of  conveying  heat  through  an  object. 
CONDUCTIVITY  —  Ability  to  conduct. 
CONSTANT  —  Always  or  lasting. 

CONSUMER  —  A  unit  which  uses  steam  or  hot  water. 
CONSUMPTION  ~  The  usage  of  steam  or  hot  water. 
CONTROL  —  Having  power  over. 

CONVECTION  —  The  act  or  process  of  conveying. 
CORROSION  —  Act  of  eating  away  by  degrees. 
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COUNTERWEIGHT  —  An  equivalent  poundage. 

COUPLING  —  A  device  that  serves  to  connect  ends  of  adjacent  parts. 

CSG  —  Commercial  Standard  Grade  (grades  of  oil). 

CYCLE         A  sequence  of  a  recurring  succession  of  events. 

DAMPEK  —  A  plate  used   to  regulate  the  flow  of  air  or  gases. 

DE-ENERGIZE  —  Remove   the  energy  from. 

DEMARCATION         The  set   limits  of. 

DENSE  —  Having  high  opacity,   crowding  together  of  parts,  thick. 
DESIGN  —  Plan  or  purpose. 

DETERIORATION  —  The   loss  of  strength,    form  or  usefulness;   to  grow  wot se  in  quality. 

DEVICE  —  A  piece  of  equipment  or  mechanism  designed   to  serve  a  purpose. 

DIAMETER  —  A  straight   line  through  the  center  of  a  circle. 

DIAPHRAGM  —  Thin  membrane  divider  or  partition, 

DIFFKKKNTIAL  —  The  difference  between  two  points. 

DIFFUSERS  —  Device  used   to  regulate  velocity, 

DIFFUSING  —  The  act  of   regulating  the  velocity  of • 

DILUTES  —  Reducing  the  strength  of • 

DISASSEMBLING  —  Taking  apart. 

DISPLACEMENT  —  The  volume  displaced  by  a  piston. 

DISSIPATE  —  To  cause  to  spread  out  or  spread   thin  to  the  point  of  vanishing. 

DISTILLATE  —  Light  grade  oils  produced  by  distillation. 

DISTINCTIVE  —  Having  or  giving  style, 

DISTRIBUTION  —  Giving  out  or  supplying   portion  of, 

DOMESTIC  —  Relating  to  the  home  or  family, 

DOWNDRAFT  —  Supply  of  air   received  down  through  a  chimney, 

DRAFT  —  A  supply  of  air  for  combustion,    a  current  of  air  in  a  closed-lf^  space. 
EFFICIENCY  —  Measurement  of  operation  or  ability, 

ELECTRIC/ELECTRICAL  —  Pertaining  to  something  operated  by  electricity, 
ENERGIZE  —  Give   energy  to. 
EQUALIZE         To  make  equal • 
EQUILIBRIUM  —  Balance. 

EQUIPMENT  —  Implements  used   in  an  operation  or  activity. 
ESSENTIAL  —  Necessary. 

EVAPORATE/ EVAPORATING  —  To  pass  off  in  vapor  or  invisible  minute  particles. 
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EXCKSSIVE  —  Going  beyond  a  limit. 

EXCHANGER  —  Device  used  to  change  haating  mediums. 
EXHAUST  —  Already  used  once,   to  discharge,   to  draw  off. 
EXPANSION  —  Increase  in  size  or  volume. 
EXTINGUISHED         Put  out  or  killed. 

FAHRENHEIT  —  A  thermometric  scale  on  which  the  boiling  point   is  212*  and  freezing 
is  32*. 

FERRULE  —  Ring  or  metal  put   around   a  slender  tube  or  shaft   to  strengthen   it  or  orevent 
it  from  splitting.  ^ 

FIXED  CARBON  —  Nonvolatile  carbon  in  coal   and  oil. 

Flared  —  a  spreading  outward. 

*  '  T  Bendable  or  pliable. 

OTUATION  —  Changing  from  a  norm. 

FLUE  —  An  enclosed  passageway  for  conveying  combustion  gases  to  the  outer  air. 
FLUE  GAS  —  Combustion  gas. 

FRACTIONAL  —  Process  for  separating  components  of  a  mixture  through  differences  in 
physical  and  chemical  properties. 

FURNACE  —  Where  initial  combustion  and  burning  of  fuel  takes  place. 

GAUGE  —  Instrument  with  a  graduated   scale  for  measuring  or  indicating  quantity. 

GRAVITY  —  Force  that  draws  objects  toward  the  center  of  the  earth. 

GROUNDING  —  The  act  of  or  an  object  that  makes  an  electrical  connection  with  the  earth. 
HEADER  —  Pipe  or  tube  shared  by  two  or  more  objects  or  devices. 
HOPPER  —  Usually  funnel-shaped  receptacle  for  delivering  coal. 
HORIZONTAL  —  Parallel  to  the  horizon. 

HUMIDIFICATION  —  Act  or  process  of  using  a  humidifier. 
HUMIDIFIER  —  Device  used   to  increase  the  humidity. 
HUMIDISTAT  —  Device  used   to  sense  humidity. 
HUMIDITY  —  Moisture  in  the  air. 
IGNVTIO  .   ~-    Act  of  setting  on  fire. 

'li  iething  not   oure  or  makes  something  el-^      ot  puro . 

-   '       to  inuustry. 
INERT  —  Having  no  inherent  power  of  action,   motion  or  resistance. 
INFILTRATION  —  To  pass   into  or  through  by  filtering  or  permeating. 
INOPERATIVE  —  Not  functioning. 
INSERTION  —  Act  or  process  of  inserting. 
INSULATE  —  Protect  or  cover. 
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INTENSITY  —  The  magnitude  of  force  or  energy. 
INTERMITTENT  —  Coming  and  going  at  intervals. 

LATENT  HEAT  —  Heat  that  cannot  be  measured  with  or  by  a  thermometer. 
LIBERATES  —  Sets  free. 

LIGNITE  —  A  brownish  black,   woody  structured  coal. 
LPG  —  Liquefied  petroleum  gases. 
LONGITUDINAL  —  Placed  or  running  lengthwise. 

LOUVER  —  An  opening  provided  with  slanted  fixed  or  movable  fins  to  allow  flow  of  air. 

LUBRICATE  —  To  make  slippery,   usually  with  grease  or  oil. 

MANIFOLD  —  Header. 

MANUAL  —  Operated  by  hand. 

MECHANICAL  —  Operated  by  a  machine. 

MECHANISM  —  Mechanical  operation  or  action. 

MEDIUM  —  A  means  of  effecting  or  conveying  something. 

MIXTURER  —  Matter  consisting  of  two  or  more  components  in  varying  proportions  that 
retain  their  own  properties. 

MODULATING  —  A  regulating  according  to  measure  or  measure  or  proportion. 

MOISTURE  —  Wetness. 

NON-RECESSED  —  Not  set  into. 

NOZZLE  —  A  projecting  spout,   terminal  discharging  pipe. 
OBSTRUCTION  —  Blockage. 
ORIFICE  —  Hole  or  opening. 

OXYGEN  —  A  gas  without  color,   taste  or  ordor,   and  is  a  chemical  element   (O) . 
PARTICLE  —  One  of  the  minute  subdivisions  of  matter. 
PASSAGE  —  Channel,   course,   tunnel  or  corridor. 
PERIMETER  —  The  boundary  of  a  closed  plane  flgur 
PRRIODIC  —  ^      ;d  between  t 

tlTINENT         Fiuievant  or  applicable. 
PETROLEUM  —  An  oily  flammable  bituminous  liquid. 
PILOTSTAT  —  Conrol  on  the  fuel    line  of  a  pilot. 

PIPETTES  —  A  narrow  glass  tube  into  which   the   liquid   is  drawn  by  suction. 

PLENUM  —  An  enclosed  space  in  which  the  air  pressure  is  greater  than  the  outside 
atmosphere . 

PNEUMATIC  —  Moved  or  worked  by  air  pressure. 
POLLUTION  —  Impure  or  unclean. 
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PORCELAIN  —  Ceramic  that  Is  hard,   translucent  and  white, 
POSITIVE  —  Affirmative, 

PRECIPITATOR  —  Device  used   to  cause  to  separate  or  condense, 
PREDETERMINSD  —  Decided  or  chosen  beforehand, 
PRELIMINARY  —  Something  that  precedes, 

PRESSURK/PRESSURIZING  —  Force  exert    1  over       surface  divided  by  Its  area, 

PROCESS  —  A  series  o  comlu^  to  an  end. 

PROPELLER  —  A  device  that  drives  or  forces  forward  or  onward, 

PROPORTIONAL  —  Having  the  same  or  constant  ratio, 

PULVERIZED  —  Reduced   to  very  small  particles, 

PURGE  —  Clean  out, 

QUANTITY  —  Amount   (how  many), 

RADIANT  —  Kmi  tt<?(i   or   t  ran.smi  t  tfj^i  by  radiation, 
RADIATION  —  Energy  radiated   In  waves  or  particles, 
RADIATOR  —  Nest  of  plpef,'  or  tubes  used   to  heat  by  radiation, 
REASSEMBLE  —  Put  back  together, 

RECTANGULAR  —  Having  or  resembling  the  shape  of  a  rectangle, 
REFERENCE  —  Consultation  of  sources  or  Information, 
REFRACTORY  —  Heat  resisting  nonmetalllc  ceramic  material, 
REGULATE  —  To  control  something, 
REGULATOR  —  Device  which  regulates, 

RELATIVE  —  A  thing  having  a  connection  with  or  necessary  dependence  on  one  other  thing* 
RESIDUAL  —  A  residue  or  substance  left, 
RESPONSE  —  Reply  or  reaction, 
RESTRICT  —  Tr      *  m - 

"         ^ii,   ttfc-nd  or  come  back  to  the  starting  point  or  place. 
ROTATIOfv;  HOTATING  —  The  turning  of  a  body  on  an  axis, 
SATURATION  —  Moisturizing  to  the  maximum  limit, 
SEMIBITUMINOUS  —  A  type  of  coal, 

SENSIBLE  HEAT  —  Heat  that  can  be  felt  or  sensed, 

SHUTOFF  —  Something  that  st   ps  the  flow  of  gas,   water  or  oil, 

^IJ^GGING  —  TJie    TlowLng    together  of   coal  impurities, 

SMOKE  PIPE  —  The  vent  pipe  used  to  remove  smoke  and  gases  from  the  firebox 
furnace  or  boiler. 

SOLENOID  —  An  electromagnetic  valve  or  switch, 
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SOLUTION  —  A  liquid  containing  a  dissolved  sxibstance. 

SOOT  —  Black  substance  formed  by  combustion  or  separated   from  fuel  during  combustion. 

SPONTANEOUS  —  Without  external  stimulus. 

STABILIZER  —  Substance  that  prevents  chemical  change. 

STATIC  ELECTRICITY  —  Electricity  produced  by  atmospheric  conditions  or  various  natural 

or  man-made  electrical  disturbances • 

STATIONARY  —  Fixed,   not  moving. 

STOKER  —  A  machine  for  feeding  a  fire. 

STRAINER  —  Device  used   to  remove  impurities  from  water  and  steam  lines. 
STRATIFICATION  —  Act  or  process  of  stratifying. 
SUPPLY  —  To  provide  for. 

SYNTHETIC   INTOXICATION  —  Artificial  intoxication. 

SYSTEM  —  An  assemblage  or  combination  of  things  or  parts  forming  a  complex  or  unitary 
whole . 

TEMPERATURE  —  A  measurement  of  heat  in  degrees  Fahrenheit  or  Celsius. 
TENSION  —  Condition  or  degree  of  being  stretched   to  stiffness- 

THERMOCOUPLE  —  Thermoelectric  couple  used  to  measure  temperature  differences. 

THERMOMETER  —  Instrument  to  measure  temperature. 

THERMOPILE  —  Mul t l-thermoelect r ic  couples. 

TRANSFER        Move  something  from  one  place  to  another. 

TROUBLESHOOTING  —  Looking,    in  a   logical  sequence,    for  a  problem. 

TURBULENT  —  Causing  unrest,   violence  or  disturbance. 

TUYERES         Nozzles  through  which  an  air  blast  is  delivered. 

VAPORIZATION  —  Act,   process  or  state  of  being  vaporized. 

VAPORIZING  —  To  convert,   by  heating  or  spraying,   into  a  fine  mist  or  vapor. 

VELOCITY  —  Quickness  of  motion. 

VELOMETER        Device  used   to  measure  velocity. 

VENTURI  —  Funneled  tube  used   to  measure  flow. 

VISCOSIMETHR         Device  used   to  measure  viscosity. 

VOLATILE  —  Readily  evaporates  at   low  temperature. 

VOLUME  —  Space  occupied,  measured   in  cubic  units. 

VOLUMETRIC  —  Relating  to  the  measurement  of  volume. 
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ELECTRICAL  AND  ELECTRONIC  CONTROLS 

OBJECTIVES 

1.  Explain  facts  about  purpose,   use  of  and  principles  of  operation  of  electrical 
controls . 

2.  Adjust  electrical  controls  to  assure         per  operation. 

3.  Identify  basic  facts  relating  to  electronic  controls. 

4.  Explain  the  facts  about  theory  of  operation  and  use  of  pneumatic  controls. 

5.  Explain  basic  procedures  to  remove,   replace,   adjust,   maintain  and  troubleshoot 
pneumatic  controls  and  equipment,   and  how  to  install   pneumatic  control  pipes,  tubes 
and  valves. 

INTRODUCTION 

Because  of  the  wide  variety  of  equipment  used  by  the  heating  man  you  must  become 
familiar  with  the  different  types  of  controls  used  to  operate  this  equipment. 

In  this  study  guide  we  will  cover  the  different  types  of  electric,  electronic  and 
pneumatic  controls.      It  will  be  done  in  three  sections. 

SECTION  I       -  Electrical  Controls 

SECTION  II     -  Electronic  Controls 

SECTION  HI  -  Pneumatic  Controls 


SECTION  I 


Electrical  Controls 


OBJECTIVE 

To  help  you  understand  the  purpose,   use,   and  operation  of  electric  controls. 
INTRODUCTION: 

It  has  been  found  that  the  basic  control  concepts,   taken  for  granted  by  personnel 
working  in  the  control  industry,   are  not  generally  known  or  understood  by  the  layman. 


INFORMATION: 


Purpose  of   Electrical  Controls 


Control  Theory 


Electric  controls  enable  man  to  complete  his  tasks  better  and  at   lower  operating 
cost  than   if  the  same  work  were  done  with  manual  controls.     Their  application  Is  wide- 
spread.     It  would  be  difficult  to  enumerate  all  of  the  uses  of  electric  controls,   but  a 
few  examples  are  given  below  to  indicate  the  scope  of  the  subject.     Uses  range  from  the 
simple  controls  in  home  appliances  and  automotive  devices  through  domestic  heating  and 
commercial  comfort  air  conditioning  to  commercial  and   industrial  process  controls. 

The  simple  thermostats  in  the  electric  flat  iron  and  electric  toaster  are 
elementary  examples  of  electric  controls.     The  numerous  automatic  controls  used   in  water 
heaters,   automatic  clothes  washers  and  dryers,  and  dishwashers  suggest  somewhat  more 
complicated  applications.     The  electric  thermostat  which  starts  and  stops  the  oil  or  gas 
burner  in   the  home  is  well   known.      Equally   important,   but  not   so  well  known  are  the 
various  limit  and  safety  controls  necessary  to  the  safe  operation  of  the  burner. 
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High  spned ,   precision  mass  production  depends  on  electric  controls.      Some  of  these 
systems  are  quite  complex.      Uniformity  of  manufacturing  conditions  and   product  arc 
essential.     Electric  controls  provide  the  necessary  uniformity. 

AnK>ng  the  important  fields  making  use  of  electric  controls  are  heating,  ventilating 
and  air  conditioning.     From  earliest  times,   comfort  has  been  a  goal  of  man   so  that  he 
can  live  and  work  at  any   time  in  all  parts  of   the  world. 

First  came  crude  shelter,    later  a   fire  to  warm  the  shelter.     Both  shelter  and 
heating  means  gradually   improved,   but  automatic  control   for  regulating  heat  did  not 
begin  to  appear  until   the  end  of  the  nineteenth  century.     Today,   we  not  only  expect  the 
places  where  we  live  and  work  to  be  heated,   but  cooled  when  needed  as  well.     We  expect 
and  get  precise  comfort  conditions  with  safety  and  efficiency. 

Use  of  Electrical  Controls 


Electric  controls  are  used  on  heating  systems  to  accomplish  one  or  more  of  the 
fol lowing : 


a.  Insure  required  conditions  of  temperature,   pressure,   or  humidity. 

b.  Provide  safety  protection  by  preventing  operation  of  mecahnical   equipment  when 
such  operation  would  be  harmful  or  hazardous. 


c.  Insure  economical   results  by  providing   steady-state  conditions  and  prev^iQtJQg 
excessive  operation  of   the  system. 

d.  Eliminate  human  error   in  heating  equipment  control. 


Principles  of  Operation 

Electric  controls  reduce  the  need   for  manual   control,   and  maintain  a  more  stable 
space  condition.     They  automatically  operate  the  heating  equipment,   and  safeguard  it 
against  failure  of  one  or  more  units  in   the  control   system.      In  order  to  provide  close 
control,   these  delicate  instruments  require  fine  adjustment.     Controls  are  provided  with 
rugged  exteriors  for  protection  of  the   inner  parts.      However,   care  should  be  taken  to 
avoid  rough  handling. 

Two-posi  tion  con  t  rol s 

In  the  heating  field  this  type  of  control   is  probably  the  most  commonly  used.  They 
provide  either   full  delivery  or  no  delivery  of  the  source  of  power  and  are  sometimes 
called  "on-off  control.      A  good  example  of  this  type  of  control   is  a  room  light  switch. 
Either  the  lights  are  on  or  they  are  off. 

Modulating  Controls 

Modulating  controls  differ  from   the  two-position  controls   in   that  they  are  never 
just  off  or  on.     They  can  be  either  on,   off,   or  any  place  in  between. 

An  example  of  a  modulating  control   is  the  temperature  control  on  an  electric  stove. 
?ts  say  for  instance  that  you  wanted   to  cook  a  steak  on  the  stove.      First  you  turn  the 
^tove  on  and  heat   it  up.     Once  the  stove  gets  hot  you  place  your  steak  on  and  begin  to 
cook  it.      If  the  steak  begins  to  cook  too  fast  you  turn  down  the  heat  to  a  point  where 
the  steak  cooks  at  the  proper  rate.     You  continue  this  untii.  the  steak  is  done.     This  is 
knc) /n  as  manual  control.     With  electric  controls   this  can  be  done  either  manually  or 
automat  i  ca 1 1  y . 

Temperature-Responsive  Devices 

Many  automatic  control   units  such  as  the  thermostat,    limit  control,    fan  switch, 
etc.,  must  be  responsive  to   temperature  changes.      A  temperature  change  actually  causes 
the  electrical   contacts  within  each  unit   to  open  and  close.     Tuis  action   is  an 
indicating  signal   that  is  transmitted   to  the  primary  control  for  specific  action,  such 
as  starting  or  stopping  the  operation  of  the  heating  plant. 
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BIMETALLIC  ST^IP.      An  automatic  control  unit   is  sometimes  eqi:ippod  with  d  «tr?.it^:ht 
bimetallic  strip  to  open  and  closu   the  contacts.     The  strip   is  made  by   bondiu^^  topethor 
two  pieces  of  dissimilar  metals   svch  as  I    «iss  and   invar,   as  shown  in   fiv?:ure   1-1.  This 
strip  does  not  dt^flect  or  bend  below  a  prer;<  t ^ rmined   temperature.      fTowever,   when  the 
strip  is  >ir»atBd  it  will   tend  to  bend  in  the  d^  ' action  of   the  metal  which  has  the  least 
amount  of  OA}..i.ns  ion ,   such  as  shown   in   f      iro  Ac^tnaHy,   an  olcnMricjil    switch  is 

construe  t  ^ihown   in   figure  1-3  by  wei  two  electrical   connections  and  contacts 

to  the  arrangement.     This  swit^-h  can  be     sed  to  control   the  electrical  circuit  by 
responding  to  t       f>r:t  i  are  changes.     Thii;   is  the  basic  principle  of  operation  for  many 
tempc^ra tur.»-"»'r'f;,>i.,,    "       automatic  units. 


Figure  1-1.     A  Bimetallic  Strip  Figure  1-2.     The  Bimetallic  Strip 

Being  Heated 


ELECTRICAL 
CONNECTIONS 


Flgur<^  A  nimetallic    i:  1      1.  r  i  cm  I  Nwilcli 
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o   o^i^oT®  automatic  units,   however,  can  be  operated  by  a  bimetallic  strip  In  the  form  of 
a  spiral,   a  U-shape,   a  Q-shape ,   or  even  in  the   form  of  a  helix,   as  shown   in   the  illus^ 
trations  xn  figure  1-4, 


iPIRAI 


U  SHAPE 


O  SHAPE 


ROTATION  ON  TEMPERATURE  INCREASE 


ROTATION  ON  TEMPERATURE  INCREASE 


HELIX 
RIGHT-HAND  WOUND 


HELIX 
LEFT-KAND  WOUND 


Figure   1-4.     Shapes  of  Bimetallic  .Strips 

THE  VAPOR-TENSION  DEVICE.      The  vapor-tension  principle  is  used   to  operate  some 
types  of  automatic  control  units.     This  is  a  commonly  used   type  of  temperature  measuring 
device,   in  which  the  effects  of  temperature  changes  are  transmitted  into  motion  by  m^ans 
of  a  highly  volatile  liquid.     The  most  vapor- 
tension  device  of  this  type  is  the  simple 
compressible  bellows,   such  as  that  shown 
in  figure  1-5.      It  is  made  of  brass  and 

is  partially  filled  with  alcohol,   ether  ^  rfiiow^ 

or  some  other  high-volatile   liquid   not  >  ■  octtv-fw^ 

corrosive  to  brass.  f  VAPOR 


When  the  temperature  around  the 
bellows  increases,    the  heat  gasifies 
the   liquid  causing  the  bellows  to  expand  and 
open  a  set  of  electrical  contacts.     When  the 
bellows  cool  again,   they  contract  and  close 
the  electrical  contacts. 


HIGHLY  VOLATILE 
LIQUID 


Figure  1-5,     The  Bellows 


THE  REMOTE-BULB  DEVICE.     All    liquid-filled  devices  are  not   limited   to  Just  th^^ 
simple  bellows  such  as  that  described  above.     There  are  also  remote-built  type  devices 
that  not  only  have  a  bellows,   but  they  have  a  capillary   tube  and  a  liquid-filled  bulb 
such  as  that  shown  in  figure  1-6.     When  the  liquid  in  the  bulb  is  heated,   part  of  it 
gasifies  and  forces  its  way  through  the  capillary  tube  into  the  bellows.     The  increase 
in  pressure  inside  the  bellows  causes  them  to  expand  and  open  or  close  a  set  of 
electrical  contacts.       When  the  bulb  cools,   the  gas  liquifies  and  causes  a  decrease  in 
pressure  in  the  bellows.     This  action  allows  the  bellows  to  contract  and  ooen  or  close 
the  set  of  electrical  contacts. 
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LEVER  TO  OPERATE 


CAPILLARY  TUBE 


Figure  1-6.     Remote-Bulb  Device 

Thermostats 

The  thermostat  Is  a  temperature-sensing  device  that  responds  to  changes  In  ambient 
temperature  and   reacts  to  them  by  sending  a  suitable  signal    In  the  primary  control. 
This  Is  done  by  closing  or  opening  an  electrical  switch  vdthln  the  thermostat. 

Electric  thermostats  may  be  either  low-voltage,   designed   to  operate  on  25  volts  or 
loss*,    or   lino-voltage,    operating  dlrf^ctly   from   tho   powor  c<^mi  np.   In   (  1 1 0  or   220  volts)- 
The   !na  I  n   diCrorouco  buLwoor*    Lliu    two    Lk    LIuiL   wMimi    umIi^;;   ii    I  ow- vo  I  l.ur.t*    t  hi»  rinos  La  t   you  will 
either  control  a  relay  or  a   low-voltage  solenoid.     When   UHing  a   line  voltage  thermostat 
you  can  control  the  piece  of  equipment  directly. 

The  Internal  mechanism  of  the  thermostat  Is  an  electric  switch  which  Is  activated 
by  a  temperature-sensing  element  to  make  or  break  an  electrical  contact.     Figure  1-7 
Illustrates  the  Internal  mechanism  of  a  low-voltage  room  thermostat.     The  temperature- 
sensing  element  here  Is  a  bellows.     It  expands  or  contracts  as  the  temperature  rises  or 
falls,   and  causes  the  switch  to  operate. 


SCALE  PLATE  SCREW 

INDICATOR 

Figure  1-7.     A  Bellows  Thermostat 
1-5 
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Because  the  thermostat  is  a  temperature  actuated  device  it  must  be   located  so  as  to 
represent  that  part  of  the  building   In  which  the  heat  is  needed   to  maintain  a  comfort- 
abJe  temperature.     The  thermostat  must  be  installed  where  it  will  register,   as  closely 
as  possible^   the  average  ambient  temperature  to  be  controlled.      It  will   not  operate 
satisfactorily  unless  free  air  circulates  around  its  temperature  sensing  element.  The 
preferred  location  is  on  an  inside  wall  and  not  more  than   four  and  one-half   fe»-t  above 
the  floor.      It  should  be   Installed  so  that  it  will   be  exposed   to  the   free  circulation  of 
air,   but  not   to  hot  or  cold  drafts,  or  direct  rays  of  the  sua  or  radiant  heat   from  a 
f 1  replace . 


Safety  Pilots  (Pllotstats) 


Safety  pilots,   or  pllotstats  as  they  are  sometimes  called,   are  safety  devices  that 
are  installed  on  gas  fired  equipment  to  shut  off  the  gas  to  the  main  burner  if   the  pilot 
llr.^ht  should  ever  go  out.     They  can  be  broken  down  into  two  distinct   types,    (1)  pilot- 
Stat  valves  and   (2)  pilotstat  relays.     They  both  require  the  use  of  a  thremocouplo .  The 
main  difference  between   the  two  Is  that  one  operate^^  an  electrical  circuit  and   the  other 
operates  a  valve. 


The  pllotsLjit  shown   in    figure  1-8 
will  break  the  circuit  to  the  main  gas 
control  valve  causing  it  to  close  or 
remain  closed   if   the  pilot  flame  is 
extinguished.     This  action  is  satis- 
factory for  use  on  standard  gas 
Instal latlons. 


The  pilotstat 
incorporates  a  the 
creates  current  fl 
the  pilot  flame  to 
tromagnet  that  hoi 
an  electric  switch 
of  pilot  failure, 
geaerated  and  the 
contacts  open.  Th 
shows  the  contact 


shown   in  figure  i-8 
rmocouple  which 
ow  when  heated  by 

energize  an  elec- 
ds  the  contacts  of 

closed*     In  case 
current  is  no  longer 
electric  switch 
e  ON-OFF  indicator 
position  of  the 


RtSET 
BUTTON 

OPERATING 
SPRING 

SNAP  SWITCH 


INDICATOR 

TERMINAL 
BLOCK 


ELECTRO- 
MAGNET 


^  GROMMET 
<V    FOR  WIRING 

<L)  COUPLE 

CONNECTOR 


Figure  1-8.     Thermoelectric  Pilotstat 


A  distinctive  feature  of  this 
pilotstat  is  the  design  of  the  manual  reset 
button.     Pressing  the  button  breaks  the  circuit.     The  snap  switch  cannot  make  contact 
until  the  pilot  burner  is  operating  properly  and   the  reset  button  released. 

The  valve-type  pilotstat  and  pilot  burner  in  addition  to  providing  a  constant  pilot 
flame,  will  shut  off  the  gas  supply  to  the  main  burner  AND  PILOT,    if  the  pilot   flame  is 
extinguished.     This  feature  is  required  on  L.P.G.   installations  and  is  recomi.ended  for 
the  other  types  of  gas. 

The  valve-type  pilotstat,   shown  in  figure  1-9,   provides  direct  control  of  the  main 
burner  gas  supply,   independent  of  the  operating  valve  controlled  by  the  room  thermostat. 
Since  the  pilot  gas  is  taken  from  a  pilot  outlet  in  the  pilotstat,  pilot  gas  is  also 
under  complete  control.  ^  ^ 

The  pilotstat  valve   is  operated  by  an  electromagnet  which  receives  current   from  a 
thermocouple  which  energi:^^^es  the  electromagnet  holding  the  gas  valve  ooen.      If  the  pilot 
flame  is  extinguished,  current   is  no  longer  generated  by  the  thermocouple  and   the  gas 
valve  closes. 

Another  type  of  pilotstat  used  is  one  which  incorporates  both  the  valve  and  the 
'-lay.     See  figure  1-10.     In  this  type  of  pilotstat  whenever  the  thermocouple  stops 
producing  enough  current  to  keep  the  coil  energized  both  the  electrical  circuit  and  thf- 
gas  supply  are  cut  off,   thereby  assuring  complete  shutdown  of  the  equipment. 

Safety  pilots  come  in  many  different  types,  depending  on  the  manufacturer  and 
application  required.     Different  manufacturers  call  them  different  names  also,  but  no 
matter  whey  they  are  called,   the  operation  is  basically  the  same. 
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Figure  1-10.     Manual   reset  pilotstat  relay 
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Limit  fontruls 


the  bur 
safe 


The  limit  control  has  a  distinct  purpose,   and   that   is  to  control   the  operation  of 
ooI!^r.fn.''^r.^^^  temperature  or  pressure  of  the  heating  system  will  n?ver  e^^^^ 
operating   limits.      Its  function  is  distinctly  for  safety  control.  excised 


h^.^ini  iJ  CONTROL  FOR  A  WARM^AIR  HEATING  SYSTEM.      The   limit  control   for  the  warm  air 
heating  system  responds  to  temperature  increases  inside  the  furnace  that  is  over  \nd 
l^Z^   i        ^'■f^^'^  .^in'^:     3^'*^  ^'"^'^         controlled   by  the   limit  controT     and  xs 

ni^^^^H  ?M^r^^^  ""^^  burner  circuit.     The  contacts  in  the   limit  control  arc  normally 

?ie  ?Sri  Se)?  temperature  rises  too  high   in  the  bonnet,   upper  par?  of 

v^,     !f'i"^.4^^^  controls  have  a  dial  setting  that   is  similar   to  the  face  of  a  clock. 
Yon  adjust   the  setting  to  maintain  the  proper   limits  that  you  would  want.     The  normal 
temperature  range  is  175*  to  200T.     See  figures   l-.ll  and  1-12 


Ml  P  TOWN 


115V 


LIMIT      PILOT  GAS 
THERMOSTAT         CONTROL   STAT  VALVE 


CGB~t04A 


Figure  1-11.     Schematic  diagram  of   limit  control   in  the  circuit. 


HELICAL  ELEMENT 

FACTORY  CALIBRATION  SCREW 
DIFFERENTIAL  ADJUSTMENT  LEVEl 
TEMPERATURE  SCALE 

TEMPERATURE  SETTING  SCREW 
MERCURY  SWITCH 
TERMINAL  BLOCK 
LEVELING  INDICATOR 
CONDUIT  OUTLET 


Figure  1-12.     Limit  Switch 
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Primary  Controls 


Primary  controls  are  actuating  devices  which  operate  heating  equipment  in  response 
to  signals  received   from  thermostats.     Often  the  primary  control  is  a  simple  switching 
device  which  closes  and  opens  the  main  circuit. 


PRIN5ARY  CONTROL  FOR  GAS-  The  primary  control  for 
opens  or  closes  in  response  to  the  thermostat  signals, 
different  types. 


a  gas  burner  is  a  valve  that 
Listed  below  are  some  of  the 


SOLENOID  OK  MAGNETIC  GAS  VALVbl.      Tha  solenoid   gas   valve   sht)wn    In    riigure   l-ia  t>i>iMiJi 
when  electric  energy  is  applied  directly  to  the  solenoid.      This  signal,  which  is 
received   from  the  thermostat,   causes  the  solenoid  to  act  as  an  electromagnetic  which 
lifts  a  plunger  causing  the  valve  to  open.     The  valve  closes  by  gravity  when  the 
el*^ctrical  circuit  is  broken  by  the  thermostat  or  limit  control.     This  typ<^  of  valve  is 
used   for  small  installations. 


COIL 

CONDUIT 
OPENING 

>  STOP 

WASHER 
CENTERING 
WASHER 
—  PLUNGLR 

VALVE  BODY 

VALVE 
STEM 

VALVE 
DISC 

VALVE 
SEAT 

PILOT 
TAPPING 

BAYONET  LOCK 

MANUAL  OPENING 
PUSH  UP  TURN 
TO  HOLD 


POLARIZED 
RELAY 


Figure    1-13.      Solenoid  Gas  Valve 


riguro    1-14.      A   DLaph  r:iv^m  Cla.s   V  i  I  vc^ 


DIAPHRAGM  GAS  VALVE.     The  diaphragm  gas  valve,    figure   1-14  may  be  used  interchange- 
ably with  the  solenoid  gas  valve.      In  this  type  of  diaphragm  valve,   the  polarized  relay 
energizes  and  opens  the  three-way  valve  allowing  the  gas  to  flow  out  of  the  upper 
chamber  of  the  unit.     Reducing  the  pressure  in  the  upper  chamber  in  this  manner  causes 
the  diaphragm  to  flex  upward  and  open  the  gas  valve.     When  the  polarized  relay   is  de- 
energized,   the  three-way  pilot  valve  allows  gas  to  flow  into  the  upper  chamber 
increasing   the  pressure,   and  thereby  closing  the  gas  valve. 

MOTORIZED  GAS  VALVE.     The  motorized  gas  valve  differs   from  the  solenoid  and 
diaphragm  gas  valve  in  that  it  has  a  motor  to  control   its  position.     When  the  motor  is 
energiised,   it  holds  the  valve  open,   when  it  is  de-energi?sed  ,   a  return  spring  closes  the 
valve . 

PRIMARY  CONTROLS  FOR  OIL.     The  oil  burner  primary  control  combines  four  controls: 
a  starting  control,   an  ignition  control,  a  combustion  safety  control,   and  a  delayed- 
action  control. 
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"heat^^*^^  Control,     Closes  motor  and   ignition  circuits  when   thermostat  calls  for 

—Ignition  Control,     Breaks  motor  and   ignition  circuits  and  stops  burner   if  fuel 
oil   falls  to   ignite  when  burner  motor   first  starts, 

--Combustion  Safety  Control,     Breaks  motor  and   ignition  circuits  and  stops  burnor, 

^^^l^  ^5^®""  burner  has  been  operating,    to  prevent  unignited  oil  from 
rlooding  the  combustion  chamber. 

— Delayed-Action  Control,     Keeps  the  oil   valve  closed  until  all   safety  devices  are 
in  a  normal   starting  position.     For  example,    If   flame  failure  causes  an  out~fire 
cutoff  operation,    the  delayed-action  switch  keeps  the  oil   valve  closed,  regard- 
less  of   thermostat  requirements,    until   stack  temperature  has  dropped    to  a  ore- 
deterrained  safe  level. 

See  figures  1-15  and   1-16  showing  oil   burner  primary  control    (Stack  Switch),   and  a 
wiring  diagram  for  an  oil-fired   forced  warm-air  unit-  /  . 


FAN  AND  LIMIT 
CONTROL 


Figure   1-15.     OH  Burner  Primary  Control   (Stack  Switch) 
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Figure 


Wiring  Diagram  for  an  Oil-Fired  Forced  Warm-Air 
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Blower  Control  (Pan  Switch) 


The  fan  switch  such  as  that  shown  in  figure  1-17  controls   the  operation  of  the 
blower  motor  in  a  forced  warm  air  heating  system. 


The  temperature  actuated   fan  control  makes  use  of  a  bimetal   strip.      This  bimetal 
strip  Is  inserted  into  the  warm  air  plenum  or  directly   into  the  air  passage  of  the 
furnace . 

As  t ae  temperature  of  the  furnace  increases  the  bimetal  strip  bends.     When  the 
fan's  ON  setting  of  the  control   is  reached,   usually   15*   to  25*  above  the   fan  OFF 
setting,   the  snap  action  switch  closes  and  completes   the  line  voltage  circuit   to  the  fan 


HOT 


FAN 


Figure  1-18.     Schematic  of   fan  motor  wiring 


When  the  thermostat  is  satisfied,  or  the  limit  control  opens,   the  main  gas  valve 
(!loso«,    stopplnix    thc^    flow  oT   i^ixt^    to    tho  huriujrs-      A«    l.ht*    rnrn;u*o  (m'>c>1s;   »|own  ,    t\\i-  air 
delivered  through  it  also  cools  do\'n  and  causes   the  bimetal   .strip   to  return   to   I  Ls 
original  position.     When  this  happens  the  switch  is  opened  and  the  fan  motor  stops.  The 
fan  off  temperature  is  usually  5*  to  10*F  above  that  desired  in  the  heated  space. 
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Figure  1-19.     Schematic  Showing  Line  Voltage  Limit  Switch 


Figure  1-20. 


Schematic  Showing  Low  Voltage  Limit  Switch 
1-12 
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SUMMARY 


Electric  controls  sei've  a  very  useful   purpose.     Without   them  our  job  would  be  much 
more  difficult  and   require  many  more  people   to  operate.     T!iis   in  turn  would   iricroaso  tho 
operating  costs. 

Electric  controls  will   be  either   two-posltlon  or  modulating.      Tho  difference 
between   the   two  Is   In  their  operation.     With  a  two-position  control    it  will   be  either 
off  or  on.      A  modulating  control  can  be  either  off,   on,   or  anywhere   In  between. 

Many  automatic  controls  operate  by  sensing  the  temperature  around   them.     These  are 
temperature  responsive  devices.     They  make  use  of  bimetallic  strips  In  such  shapes  as 
spiral,   U-Shape,    Q-Shape  and  helix.     Other  controls  use  devices  such  as  a  bellows  or 
remote  bulb.     These  are  devices  which  use  a  volatile   liquid  that  will   gasify  when  heated 
causing  movement  of  a  switch- 
One  type  of  electric  control   that  Is  taken  for  granted  yet  used   in  just  about  every 
application  Is  the   thermostat.     This  Is  a  temperature  responsive  device   that  controls 
the  heating  system.      It  monitors  the  temperature  of  a   room,   building,   etc,    24  hours  a 
day  to  keep  the  desired   temperature.     The  only  time  people  take  notice  of  the  thermostat 
Is  when  the  room  temperature  gets  too  hot,    too  cold,   or  when  the  thermostat  goes  bad. 
Remember,    the   thermostat   Is  a  sensitive  control,    take  care  of   it  and   it  will    take  care 
o  f  you . 

Some  other  electric  control  devices  used   In  heating  are  safety  pilots   ( piiotstats) . 
These  are  controls  use!  on  a  gas  system  to  monitor  the  pilot   flame.     Whenever  the  pilot 
light  goes  out  the  Safety  Pilot  will   shut  off  the  gas  to  the  main  burner.      There  are  two 
types,   the  thermoelectric  which  opens  the  circuit  to  the  gas  valve  and  the  valve  type 
that  is  a  valve   located   In  the  gasilne.      It  will   shut  off  the  gas  to  both  the  main 
burner  and  the  pilot   for   100%  shutoff. 

Another  control  used  on  warm  air  and  uot  water  systems   is    :,he   limit  control.      It  Is 

a  safety  device  that   Is  located   In  the  burner  circuit   that  wll!    open   the  circuit   if  the 

temperature  Inside  the  plenum  chamber  goes  above  the  preset   li'ilts.      The  proper  setting 
for  the  limit  switch  Is  175*  to  200*F. 

Devices  that  are   Installed   In  the  system  to  operate  In  response  to  signals  received 

from  thermostats  are  called   primary  controls.      Depending  on  the  type  of  system  you  are 

operating  they  can  be  something  as  simple  as  a  gas  valve  on  a  gas   fired  furnace  or  the 
relay   in  a  stack  switch  used  on  oil   fired  equipment. 

For  a  forced  warm  air  system  to  operate  properly  you  must  have  a  device  to  control 
the  on  off  operation  of  the  blower  motor.  This  device  Is  called  a  fan  switch.  it  is  a 
temperature  actuated  switch  that  automatically  starts  and  stops  the  blower  motor  by 
sensing  the  temperature  of  ♦'^e  plenum  chamber.  It  should  be  set  to  stop  the  motor  when 
the  temperature  Is  5®  to  xO®F  above  that  desired  In  the  heated  space  and  set  to  come  on 
when   the  temperature  gets  15**   to  25*F  above   the  off  setting. 


QUESTIONS 
1.     Describe  two-posltlon  controls. 


2.      Describe  modulating  controls. 


3.     Describe  the  operation  of  a  bimetal  strip. 


4.     What  causes  a  vapor  tension  device  to  operate? 
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5*  What  is  thB  purpose  of  a  safety  pilot? 

6.  What   is  the  main  difforence  between  the   two  types  of  pilotstats? 

7.  What  is  the  purpose  of  a   limit  control? 

8.  How  Is  the  limit  control  wired   In  an  electrical  circuit? 

9.  What  Is  the  primary  control   for  gas? 

10.  What  are  the  types  of  automatic  gas  valves? 

11.  What  is  the  purpose  of   the   fan  switch? 

12.  Mow  is  the  fan  switch  wired   in  an  electrical  circuit? 


REPGRENCE: 


APM  85-12.   Vol   II,   Operation  and  Maintenance  of  Space  Seating  Equipment  and 

Systems,   and  Process  Heat  Utilization  Hin^nc 
Modern  Refrigeration  and  Air  Conditioning,   by  Goodheart  Wilcox 
Electric  Controls   foi    Refrigeration  and   Air  Conditioning,   By  B.   C.  Langley 
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SECTION  II 


ELECTRONIC  CONTROLS 

OBJECTIVE 

To  help  you  understand  the  purpose  and  use  oZ  electronic  controls  us(^d   in  heating 
systems . 

TNTRODUCTION 

Operation  of  today's  modern  equipment   requires   the  use  of  controls  that  are  much 
more  sensitive  and  accurate  than  the  basic  electric  controls.      Electronic  controls 
fulfill   these  requirements. 

INFORMATION 

Purpose  and  Use  of   Electronic  Controls 

PURPOSE 

As  man's  need   for  more  accurate  control  of  heating   increased  so  did  his  need  for 
more  sensitive  controls- 

In  today's  heating  systems  we  are  more  concerned  about   safety   than  ever  before. 
For  example,    if  a   large  boiler  that  was  burning  oil   suddenly   lost   its   fire,   how  could 
you   tell?     If  you  were  not  there  to  see,    this  oil  could   still   flow  into  this  hot  unit. 
This  then  creates  a  very  unsafe  condition  where  an  explosion  could  occur- 

USE 

In  heating  we  use  electronic  controls  for  flame  safeguard  protection  in  both 
furnaces  and  boilers. 

Since  a   furnace  does  not   run  continuously  it  does  not  get  as  hot  or  produce  a^3 
manyl   exhaust  gases  as  a   large  boiler.      Flame  safeguard   protection  consists  of  a  device 
that  "watches"   the  flame  and  will  open  the  burner  circuit   if  a   flame  failure  occurs. 

In  a   large  boiler  it  is  not  as  simple  as  in  a  furnace.      Since   large  "central" 
boilers   run  continuously  they  get  exceptionally  hot  and   produce   large  quantities  of 
gases.      To  shut   this  unit  down  with  a  hot  combustion  chamber  and  all   these  gases  could 
produce  a  very  hazardous  condition.     Shutdown  of  a   large  boiler  must  be  done   in  stages. 
First,    the  fuel  must  be  shut  off,   then  allow  the  blowers  to  remove  the  gases  and  then 
finally  shut  down  the  entire  unit.     These  are  called  programmers. 

Types  of   Electronic  Flame  Safeguard  Devices 

PROTECTO-RELAY .     The  protecto-relay   is  an  electronic    flam<?  saCof^uard  non):rol    t  li;;  . 
automatically  controls   the  operation  o£   both  the  pilot  and  burner.      If  either   fails  t 
light  the   protecto-relay  will  shut  down  the  entire  unit  until   the  unsafe  condition  is 
corrected.     Before  you  can  restart   it  you  must  first   reset  it. 

PROGRAMMER.      The  programmer   is  an  electronic   flatn«>   .s;i  I'tjj^ua  rd   control    thai  pri^vicles 
ignition  and   flame   failure  protection   for   industrial   automatically   ignited  oil  and  gas 
burners.      They  work  with  the   limit,   operating  controls  and  automatically  program  the 
operation  of   the  burner  or  blower  motor,    ignition  and  main   fuel  valves. 

The  programmer  automatically  shuts  the  unit  down  when   there  is  a  power  failure  or  a 
flame   failure.     After  flame   failure  you  must  manually   reset   it  before  the  unit  can  be 
restarted . 

Electronic  Flame  Safeguard  Sensors 

Electronic  sensors  are  used   in   flame  safeguard  devices  to  "sense"  the  presence  of 
combustion.     These  sensors  may   respond   to  visible  or   invisible   light  or  the  flame 
itsel f . 
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:  flame  rod  was  the  first  electronic  flame  sensor.     The  flame  rod 

?L^I%«V?=°?k''"°*^°"  of  electricity  through  a  flame  to  complete  a  circuit.     If  the 
flame  fails  there  is  no  longer  a  continuous  path  for  current  to  flow,   see  figur.-  1-21 


Figure  1-21.     Flame  Rod 

,^^^'^1^11^^  PHOTOCELL.  The  rectifying  photocell  changes  AC/DC  when  exposed  to 
visible  light.     See  figure  1-22. 


/r/£C  T"*^ 
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ex 


Figure  1-22.     Rectifying  Photocell 

Dose^^'^o^viSfHi^:  The  cadmium  cell  sensor  has  the  abllilty  to  change  resistance  when 
posed  to  visible  I  i.ght .     See  figure  1-23. 


Figure  1-23.     Cadmium  Cell 
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LEAD  SULFIDE,      Lead  sulfide  cell  is  an  electronic  sensor  that  senses  infrared 
light.     See  figure  1-24,     The  electrical  resistance  of   lead  sulfide  drops  when  exposed 
to  infrared  radiation.     If  a  voltage  is  applied  across  the  lead  sulfide  in  the  cell, 
current  will  flow  when  the  cell  is  oxposed  to  infrared  radiation* 


Figure  1-24.      Lead  Sulfide 


Figure  1-25.     Ultraviolet  Sensor 


SUMMARY 

Fire  produces  both  visible  and  invisible  light.      Electronic  sensors  are  devices 
that  respond  to  the  visible  or  invisible   light  produced  by  flame- 

We  use  electronic   flame  safeguard  devices  such  as  pro tecto-relays  and  programmers 
to  make  use  of  these  sensors. 

Each  sensor  serves  a  specific  purpose.     From  the  flame  rod  which  allows  for  the 
conduction  of  electricity  through  a  flame  to  the  ultraviolet  detector  which  senses 
ultraviolet  light.     We  must  assure  the  safety  of  everyone.     This  is  accomplished  by 
watching  out  that  the  fuel   supply  wxll  be  shut  off  moments   later.     This  eliminates  a 
possibly  dangerous  situation. 
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QUESTIONS 

1-     What  Is  meant  by  the  term  ••flame  safeguard"? 


2.     Why  must  a  large  "central"  boiler  use  a  programmer  as  an  electronic   flamo  safeguard? 


3-     What  was  the  first  electronic   flame  sensor? 


4,     What  are  electronic  sensors? 


REFERENCE 

Flame  Safeguard  Controls  by  Honeywell,   First  Edition 
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SECTION  III 


PNEUMATIC  CONTROL  SYSTEMS 

OBJECTIVE 

To  help  you  Identify  procedures  for  maintaining  pneumatic  control  systems. 
INTRODUCTION 

One  of  the  greatest  problems  In  heating  Is  the  control  of  the  heating  effects. 
Automatic  controls  are  used  to  solve  this  problem  by  sensing  and  controlling  the  amount 
of  heat. 

An   automatic  control   system  must   have  some   typt;  ot    enciryy    for  opo  ration.  PntMunatic 
controls  use  compressed  air  for  operation  as  electric  and  electronic  controls  use 
electricity   for  operation.     This  study  guide  pertains  only   to  pneumatic  controls. 

A  working  knowledge  of   the  operating  theory  and  definition  of  terms,   common  to 
pneumatic  controls,    is  essential   for  you  to  operate  and  adjust  pneumatic  controls. 

You  will   see  that  a  control  can  perform  more  accurately  than  a  human  being.  You 
will  agree  that  we  have  a  need  for  automatic  controls.      If  you  think  of  controlled 
devices  (valves,   dampers,    louvers,   etc.)  as  being  slaves  and  the  controllers  (therir.o- 
stats,   humldlstats,   etc.)  as  being  masters,   you  will  understand  the  function  of 
pneumatic  controls. 

INFORMATION 

Pneumatic  Control  Fundamentals 

Heating  systems  are  fast  becoming  an  automated  factory  In  which  the  product  Is  the 
manufacture  of  heat.      Controls  dt>minate  the  process;    therefore;,    it   is  ncxtossary    that  you 
understand  the  theory  of  controls  and  their  application,    so  that  these  controls  can 
operate  at  peak  efficiency. 

Purpose  of  Pneumatic  Controls 

The  main  purpose  of  pneumatic  controls  Is  to  automatically  maintain  a  predetermined 
condition  in  schools,  office  buildings,   hospitals  and  various  places  occupied  by  people 
and  equipment. 

Figure  1-26  shows  a  heating  system  that  is  controlled  manually.     When  the 
temperature  gets   low,   the  person  sees  that  the  thermometer  is   lowered  In  degrees,    so  he 
opens  the  steam  valve.     The  temperature  rises,   which  causes  the  thermometer  to  Indicate 
a  higher  temperature.     The  person  will  close  the  valve   to   lower  the  temperature.  So, 
the  temperature   is  controlled  by  regulating   the  amount  of  heating   in  the  ctondi t ioned 
space . 
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Air  Compressor 

^l^^rV'U^^^  in  pneumatic  control  systems, 

should  not  run  more  than  50  percent  of  the  tfm^f^  A  correctly  sized  compressor 
thermal  overload  protect  is  usIatJy  Sui??  l^J^^,!  maintain  operating  pressure.  A 
to  the  syste™  in  Svent  the^o^^^^^Lr^dJ i%riStJ^\li^S:r overT^S ?  '°  """^^"^ 

that  gSls\'ntr??rcT„pri^IJrf'^:?JJ  cSesso%\r^r '"^^'^^  ^^^^^  -^-^  the  air 
until    tho  prossur.  ..oa?rol    stops   tL  el^c^rfc  m^toJ   tM'?^.^'''  storage  tank 

When  the  pressure  goes  down,    the  pressure  ^^nt^i    f  that   Is   turning   the  compressor, 
leaves  the  compreslor  and  goes  thrSughTfi??er  and"on%i  tH"""'"^  °" 

which  reduces  the  high  pressure  to  15  to  9n  n=L  Pressure-reducing  valve 

P  et>sure  to  15  to  20  psig  as  required  by  manufacturer. 


I    [  ROOM  HUMIDISTAT 


SUCTIOr 
INTAKE 


DRAIN  VALVE 


CONTROLLED  AIR 


Figure  1-27.     Pneumatic  Control  System 


SERVICING  AIR  COMPRESSORS.  Servicine 
points  of  an  air  compressor  aro  shown  In 
iLgure  1-28.     A  description  of  what  should 
be  done  at  each  point  Is  as  follows- 


Figure  1-28.     Compressor  Servicine 
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-  Lubrication  (1).  Keep  oil  at  proper  level.  Use  SAE-10  cylinder  oil.  Drain  and 
refill  crankcase  after  first  two  weeks  of  operation,  and  thereafter  every  two  or 
three  months. 

-  Storage  Tank  (2).     Accumulated  dirt,   oil  and  water  must  be  eliminated  periodically. 
Blow  off  tank  through  petcock  or  drain  plug  at  bottom  at  least  once  a  day. 


-  A 
I 


ir  Filter   (3).      If  equipped  with  petcock  at  bottom,  drain  when  draining  tank, 
nspect  excelsior  packing  after  two  years  of  service  and  every  year  thereafter. 
Replace   It  when  it  shows  signs  of  becoming  saturated  with  oil.     Clean  or  renew  felt 
pads  when  dLrty. 

-  Suction  Filter  (4).     Clean  suction  filter  every  six  months,   or  of tener  when  atmos- 
phere Is  especially  dirty. 

-  Motor   (5).     Oil  every  three  months  or  as  recommended  on  motor  nameplate.   If  motor 
does  not  have  permanently   lubricated  bearings. 

-  V-Belt   (6).     Adjust  tension  after  first  month  of  operation.     Check  every  six  months 
thereafter.     Avoid  excessive  belt  tightness,   which  overloads  bearings.  Correctly 
adjusted  belt  permits  an  Inch  or  so  of  flexing  between  pulleys. 

-  Valves  (7).     Remove  and  clean  Intake  and  exhaust  valve  once  each  year.      If  leakage 
exists  after  cleaning,   causing  Inefficient  compresser  operation,   replace  with  new 
val ves . 

-  Pop  Safety  Valves  (8).     Blow  off  pop  valves  every  six  months   to  Insure  against 
sticking . 

-  Reducing  Valve   (9).      Check  adjuntraent   periodically.      They   t^ht^uLd   be  aet    to  maintain 
the  correct  system  pressure  at  all  times. 

Air  Piping  and  Distribution  System 

Air  piping  and  distribution  systems  for  pneumatic  controls  consist  of  supply  air 
lines  and  control  air   lines.     These  lines  could  be  pipe   (black  Iron  or  galvanized),  or 
tubing   (copper  or  plastic).     The  size  of   this  pipe  or  tubing  may  vary  from  1/8"   to  2  in 
diameter . 

SUPPLY  AIR  LINES.     This   line  distributes  the  flow  of  air  from  the  pressure 
regulating  valve  to  the  controller.     The  minimum  air  pressure  In  this   line  must  be  15 
pslg  and   is  maintained  at  a  constant  pressure. 

CONTROL  AIR  LINES.     This  line  distributes  the  flow  of  air   from  the  con. roller  to 
the  controlled  device.     The  air  pressure  In  this   line  may  vary  from  0  to  15  or  20  pslg. 
The  air  pressure  varies  because  of  the  type  controller  action  (direct  or   reverse  acting) 
and   the  controller  response   (two  position  and  proportional). 

Most  air  piping  and  distribution  for  pneumatic  controls  are  <ioncealed  wltliin  LIk* 
building  structure,   and  except  for  possible  damage  due  to  building  alterations,  requires 
no  servicing.     Piping   In  equipment,   boiler  rooms  and  pipe  shafts  are  often  run  exposed. 
These  exposed   lines  are  usually  run  In  out-of-the-way  places,   with  properly  arranged 
supports  and  hangars.     Care  should  be  exercised   so  that   these  lines  do  not  become 
damaged . 

Closed  and  Open  Loops 

All  automatic  control  systems  have  a  common  pattern  which  recognizes  the  relation- 
ship of  "cause  and  effect";   that  Is,   the  interdependence  of  one  thing  upon  another. 
This  is  commonly  called  "feedback".     Feedback  makes  true  automatic  control  or  self- 
regulation  possible.     The  following  examples  clarify  this  point. 

In  figure  1-29  the  room  thermostat   (TR)  measures  the  temperature  of   the  air  sur- 
rounding It.     As  the  temperature  rises,   the  thermostat  causes  a  reduction  of  the  heat 
Input   (HI)   to  the  room,   which  allo-vs  the  room  temperature  (RT)  to  stop  rising  or  to 
drop.     This,   in  turn,   affects  the  thermostat,   which  readjo.=;ts  its  influence  on  heat 
Input  until  a  balance  Is  stabilized.     Thus,   one  change  is  dependent  upon  another  and  a 
"closed  loop  system"  has  been  established. 
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TR»ROOM  THERMOSTAT 
HI 'HEAT  INPUT 
RT«ROOM  TEMPERATURE 


Figure  1-29.     Closed  Loop  System 

loop  sJltL?'"''Therarer^°  ^'^''^^  """^^        considered  when  putting  together  a  closed 

or  ooTh^  control  agent.     This  source  of  energy  supplied   to  the  system  can  be  either  hot 
or  cold,  such  as  steam,  hot  water,   heated  air,   chilled  water  or  chilled  air. 

*o  r.  I"?  CONTROLLED  DEVICE.  A  valve  or  damper,  either  Normally  Open  or  Normally  Closed 
to  regulate  the  flow  of  the  Control  Agent.  -jimuiiy  cioafjQ 

THE  CONTROLLRR  ACTION.     A  controller  Is  furnished  with  either  Direct  Action  or 
RovTM,.   Acai.wi.     ThlK  will   allow   tlio  Imlanco  mentioned  ahovo!  "^^ecz  Action  or 

Syster^ifrSoJ  op:Ja?e!'°"  °'  """^^  ^«  ^^^''^^  °^  ^1°-^  ^-P 

In  the  open  loop  system,   for  example,  when  heat   Is  required  to  maintain  a  sultahlf» 
room  temperature  as  the  outdoor  temperature  drops.     It  is  possible  tSaSr^nge  a 
thermostat  to  measure  outdoor  temperature  and  cause  the  heat  input  of  a  bulldine  to 
increase  as  the  outdoor  temperature  decreases.     The  outdoor  thermostat  cannot  measure 
the  result  of  heat  input  to  the  room,  hence  there  is  no  feedback.     (See  ?Jgure  !-Io) 


TO=OUTDOOR  TEMPERATURE 
HUHEAT  INPUT 
RT  =  ROOM  TEMPERATURE 


Figure  1-30.     Open  Loop  System 


Loops 
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In  summary,    It  can  be  said  that  a  '^closed   loop  system"   Is  one  In  which  all  parts 

have  an  effect  on  the  next  step  In  the  loop,   and  are  affected  by  action  of  the  previous 

step.     An  ''open   loop  system"  Is  one  In  which  one  or  moro  t>C    the  steps  has  no  direct 

effect  or  action  Imposed  on  the  following  step,  or  Is  not  affected  by  other  steps  In  the 
loop. 

Pneumatic  Controllers 

A  pneumatic  controller  Is  an  Instrument  that  measures  variations  In  temperature, 
humidity  or  pressure  and  changes  Its  output  pressure  or  control  pressure  accordingly. 

Controllers  are  classified  as  either  direct  or  reverse  acting.     A  direct  acting 
controller  Increases  Its  control  pressure  with  an  Increase  In  temperature,   humidity  or 
pressure  (controlled  variable),   and  a  reverse  acting  controller  decreases  Its  control 
pressure  with  an  Increase  in  the  controller  variable. 

In  order  for  the  control  system  to  function  properly,   each  controller  must  react  In 
a  specified  manner.     Controllers  are  furnished  for  two  types  of  action. 

TWO  POSITION  (POSITIVE)  ACTIOr/,     The  control  pressure  Is  either  at  a  maximum  or 
minimum  with  no  intermedin   e  steps.     This  type  of  controller  produces  '^on-off"  control 
with  the  controlled  dev?        In  either  of  two  positions  —  open  or  closed. 

PROPORTIONAL  (GRADUAL)  ACTION.      The  control  pressure  varies  in  proportion   to  the 
change   in  the  controlled  variable.     This  type  of  controller  produces  a  gradual  action  of 
the  controlled  device,   with  the  controlled  device  positioned   to  any  intermediate 
position  between  fully  open  and   fully  closed. 

TwD-Posltion  Pneumatic  Closed  Loop  System 

A  two-position  controller  is  an  instrument  that  provides  a  full  output  signal,  or 
no  output  signal,  with  no  intermediate  steps.  It  is  also  known  as  an  "on-off"  or  snap 
control ler . 

The  controlled  device  can  be  a  valve  or  damper  operator  which  will  be  either  fully 
open  or  fully  closed,  depending  on  the  signal  from  the  two-position  controller.  A 
spring  in  all  controlled  devices  is  under  tension  at  all   times  and  will  return  the 
controlled  device  to  its  normal  position  when  the  controller's  signal  is  removed. 

Figure   1-31  shows  a  closed   loop  system  with  a  two  position  controller.  The 
thermostat  (controller)  measures  the  room  temperature  and  opens  the  valve  (controlled 
device)  when  the  temperature  falls  to  a  lower  limit  on  the  differential.     This  admits 
steam  to  the  radiator,   which  in  turn  heats  the  air  in  the  room.     Then,    the  room 
temperature  rises,   providing  feedback  to  the  thermostat,   which  closes  the  valve  when  the 
temperature  reaches  the  top  limit  of  differential. 

Proportional  Pneumatic  Closed  Loop  System 

A  proportional  controller  is  an  instrument  that  produces  an  output  signal   In  di^'^ct 
proportion  to  a  change  in  input   (controller  variable).     The  output  signal  of  a 
proportional  pneumatic  controller  can  vary  from  0  psig  to  the  maximum  pressure  supplied 
to  the  system.     Most  controllers  can  be  adjusted  to  vary  their  output  pressure  for  a 
given  change  in  the  controlled  variable.     This  is  referred   to  as  "sensitivity." 

The  controlled  device,   such  as  a  valve,   receives  the  output  signal   from  the 
controller  and  is  thereby  positioned   in  proportion  to  the  signal. 

A  proportional  controller  is  capable  of  producing  any  output  pressure  between 
0  psig  and  the  maximum  pressure  supplied  to  it. 

Sensitivity 

The  output  signal  change   from  the  controller  (controller  action)  will  be  in 
proportion  to  the  change  in  the  controlled  variable.      If  the  controller  changes  its 
output  signal  one  psig  when  the  controlled  variable   (temperature)  changes  one  degree 
Fahrenheit,    the  controller  is  said   to  have  a  sensitivity  of  one  psig  per  degree.  In 
most  controllers  the  sensitivity  is  adjustable  so  that  the  output  signal  (psig)  change 
can  be  made  more  per  degree  or  less  per  degree,   to  give  better  control. 
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Load  Changes 

Outside  temperature,  heat  output  from  people,   lights  and  machinery  in  the 

«??I^?Ji^^.K^^''^  ^""^  referred  to  as  load  changes.  In  other  words,  they  are  mediums 
affecting  the  space  or  room  conditions. 

Pneumatic  Controlled  Devices 

pres 
con1 
coni 
maJ 


SUMMARY 


the 


The  controlled  device  Is  the  final  piece  of  equipment  In  a  control  system  that 
dellce  S  i^ns.??^'^^''?^  variable  in  accordance  with  the  demands  of  the  cSnt?Sller!  The 
Joni^oiMn^^K  ^1     va  1  ve  con t ro  1 1 1  ng  the  flow  of  fluid  In  a  line  or  a  damper  operator 
controlling  the  flow  of  air  In  a  duct. 
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Pneumatic  controllers  must  be  sensitive  to  changes  in  the  controlled  variable  and 
respond  with  a  precise  output  signal  of  adjustable  magnitude  to  prevent  the  controlled 
variable  from  deviating  too  much  from  set  point.      A  controller  has  two  main  parts:  the 
measuring  or  sensing  element,   and  the  body  (relay)  which  produces  the  output  signal. 

QUESTIONS 

1.      How  many  different  types  of  control  system  loops  are  there?     What  are  they? 


2.  Wnat  determines  the  pressure  in  the  air  supply  tank? 

3-  What  determines  the  pressure  in  the  supply  line? 

4.  What  determines  the  pressure  of  the  control  air? 

5.  Where  does  the  air  first  enter  the  sytem? 
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TROUBLESHOOTING  OF   ELECTRICAL  CONTROLS 

OBJECTIVE 

1.  H.sifig  stop-by-st(?p  prc)cuHiur(>fc> ,    I  roublcshoot.   oUiot.r*  i  c'h  I    (U)iitr()ls  on  :\   w»Mrm  n  i  r- 
furnace  trainer  with  instructor  assistance. 

2.  Trace  electrical  circuits,    isolate  electrical  malfunctions,   and  perform  minor 
ropairs  to  electrical  circuits, 

INTHOOUCTION 

Trouble  with  a  heating  unit   often   involves  electrical   problems,     Tho  heating 
specialist  should  be  able  to  troubleshoot  electrical  circuits.      He  can  simplify  his  work 
by   determining   if  the  malfunction   is   electrical  or  mechanical.     Troubleshooting  can  be 
defined  as  a   "systematic  method  of   locating   faults   in  an  electrical  circuit." 

INFORMATION 

Types  of  Troubles 

An   important  fact  to  remember  is  that  there  are  only   three  types  of  electrical 
troubles:      opens,    shorts  nnri   low  power. 

Opens 

An  open  circuit  is  one  that  has  a  break  somewhere  in   it.     This  break  could  be 
locult;d   in  the  wire,    in  the  switch,    fusi^,    or  in  thc^  unit  r  (^s  ista  ncM^.      Tf    t.hero   is  n 

break,    there  can  be  no  current   flow  and   the  unit  of   resistance  would  not  be  operating 
(see  figure  2-1). 


Figure  2-1.     Open  Wire 


Now,   consider  some  examples   of  opens. 
In   figure  2-2  the  battery   shown   has   a  loose 
connection.     Most  of  the  time,    a  loose 
connection  is  the  same  as  no  connection, 
which   is   the  same  as  an  open  circuit.  Any 
circuit  component  with  a  loose  connection 
opens   the  circuit,    which  naturally  stops  the 
current.      Another  type  cf   trouble  that  will 
cause  an  open  is  a  burned  out  component. 


Figure  2-2. 
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BURNECKHJT  LAMP  BULB 


BURNED-OUT  RESISTOR 

Figure  2-3 


BURNEDOUT  FUSE 


BROKEN  WtRE 


Figure  2-4 


Figure  2-3  shows  a  burned  out  resistor.     When  a  resistor  becomes  overheated,  one  of 
two  things  will  happen — the  resistor *s  ohrnic  value  will  change  or  the  resistor  will 
completely  burn  apart  due  to  the  excessive  current  flowing  through  It, 

Figure  2-4  shows  three  more  likely  causes  for  an  open  circuit:  a  burned  out  lamp 
bulb,  a  burned  out  fuse,  and  a  broken  wire.  All  of  these  are  examples  of  an  open »  and 
they  all  give  the  same  result — no  current  flow. 

Shorts 

A  shor t  means  that  there  is  contact 
where  there  should  not  be  contact.  Conse- 
quently, there  is  current  flow  where 
there  should  not  be  current  flow.  Indi- 
cations of  shf>rts  are  units  opi^rating 
that  should  not  be  operating,  blown 
fuses  or  tripped  circuit  breakers, 

DIRECT  SHORT,      In  the  case  of 
a  direct  short,   a  negative  lead  is 
in  contact  with  a  poisitive  lead,  by- 
passing the  unit  of  resistance.  From 
figure  2-5,  you  can  see  that  current  in 
this  situation  will  take  the  path  of 
least  resistance.     The  excessive  current 
flow  will  cause  the  fuse  to  blow  or  if 
the  protective  device  is  a  circuit  breaker 
it  will  trip,   opening  the  circuit. 


Figure  2-5,     Direct  Short 


You  have  seen  how  an  open  stops  current  flow.     Shorts  produce  Just  the  opposite 
effect.     A  short  across  a  component  produces  a  larger  than  normal  current  flow.  Some 
examples  of  shorts  are  two  bare  wires  in  a  circuit  touching  each  other,   connecting  the 
two  terminals  of  a  resistor  together,   connecting  the  two  terminals  of  a  battery 
LogoLlior,   or    lini>ri>}>(*r  wiring.      S<>mi>  i>xami>1(ns  am   shown    In    riguro  2-0. 


RESISTOR  TERMINALS 


BATTERY  LEADS 


BARE  WIRES  TOUCHING 


IMPROPER  WIRING 


Figure  2-6 
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since  you  know  that  a  short   is  a  connection  of   two  corluctors  of  a  c  i  rem  i  t.  throiiph 
a  vory   low  resistance,    let's  consider  the  circuit  shown   in    M^ure  2-7.     This  circuit  is 
doslKnod   to    I  i Kh t  a    lamp.      Since   the  resistance 
of   the  lamp  Is  normally   low,   a  resistor  Is 
connected   In  series  with    It   to  control  the 
amount  of  current  flo;/lng  through   the  lamp. 
If   the  resistor  Is  shorted  out,    total  circuit 
resistance  would  decrease,   and  the  current 
would  Increase.     This   increase   in  current 
would  cause  the  lamp  to  become  much 
brighter.      If   the  battery   voltage  were 
high  enough,    the  increased   current  could 
destroy   the   lamp.     However,    since  we  have 
a  circuit  protective  device   (fuse)   in  the 
circuit,    the  fuse  should  open  before  the 
lamp   is  damaged.     The  fuse   is  designed  to  open 
the  circuit  before  the  current  exceeds  the 
maxinum  current  rating  of   the  circuit. 

CROSS  SHORTS.     A  cross  short   is  caused  by   the  hot   leads  of   independent  circuits 
coming   in  contact  with   each  other. 

During  an  operational   check,   a  cross  short   is   indicated  by    two   Indepondont  units 
operating   from  the  same  switch.      In   figure  2-S,    positive   lead  A-R  is  touching  positive 
lead  A-3.      Even  through   the  switch  which  controls  Lo   is  open,    there   is  a  complete  path 
for  current   flow  from  A-R  to  A-1 ;   consequently,    L2  fiurns. 


Figure  2-7 


A-2 


A  9 


A. 3 


A-4 


L  1  y 


A-8        \   ^  A? 


Figure  2-R.     Cross  Short 


Low  Power 


This  condition   is  often   found   in  old  buildings  or   in  areas  where  the  electrical 
load  has  been   increased  without   increasing  the  size  or  number  of  electrical  circuits, 
low  power  condition  is   indicated  by   sluggish  operation  of  units  and  dim  lights. 

I  so la t ion  of  Troubles 
Different  procedures  are  used   to  troubleshoot   the  various  types  of  troubles. 


Opens 

There  are   four  different  testers  that  can  be  used   to  find  an  open, 
voltmeter,    continuity   tester,   ohmmeter  and  test  light. 


These  are  the 


The  exact   location  of  an  open  can  hn  found  by   usinp   the  voltmeter.      You  should, 
first  of  all,    understand  what  a  voltmeter   indicates   in  a  normal   operatinp;  circuit. 
Figure  2-9  Illustrates  normal   voltmeter  readings   throughout   the  circuit. 

A  voltmeter  connected  posit ive-to-k egat Ive  should  always   Indicate  tlio  difference  in 
potential  across  the   two  points.      A  volt.neter  connected   nef^a  t  i  ve-to-ne^a  t  i  ve  or 
posi ti ve-to-posltlve  should  not  give  a  difference   in  potential.      (See   figure  2-9) 
Readings  other  than  these  are  considered  abnormal.      Fxact   location  of  an  open  can  be 
found   in  the  positive  or  negative  parts  of  the  circuit  between  a  normal  and  an  abnormal 
reading . 
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Figure  2-9.     Normal  Voltmeter  Readings 


In  figure  2-10,  a  voltmeter  Is  being  used  to  locate  an  open  In  the  circuit.  The 
exact  location  Is  wire  A-6. 


O0    ©00    QQQ  00 

|28V     1    28V  2ev  J    28V  I     28V  T28V     [28V       28V  MV  OV 


Figure  2-10.     Locating  an  Open  in  Wire  A-6 

^     ^  The  same  procedure  Is  used  in  troubleshooting  an  open  with  a  test   light:  however  a 
test  light  will   not  give  an   indication  of  the  amount  of  voltage  present.     All  you  knoi 
is  that  there  was  enough  current  available  to  light  the  lamp. 


r 


r 


I 
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BREAK 


Figure  2-11. 


Figure  2-12. 


The  circuit  In   figure  2-11   is  used  to  light  a  lamp:   but,   because  of  the  open 
resistor,   the  lamp  will  not   light.     Suppose  the  resistor  appears  to  be  all  right  upon 
visual   Inspection.     How  can  you  tell   it  is  open?     You  can  do  this  with  either  a  volt- 
meter or  an  ohmmeter. 


vol 
res 


Connecting   the  voltmeter  across  the  lamp  as  shown  in  figure  2-12,   a  reading  of  0 
Its  will  be  Indicated  on  the  meter.     The  reason  for  the  zero  reading  Is  the  open 
sistor,  which  will  not  allow  current  to  flow  through  the  circuit.     With  no  current 


flowing  through  the  lamp,  no  voltage  will  be  dropped  across  the  lamp. 
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Connecting  the  voltmeter  across  the  resistor  as  shown   in  figure  2-13,   current  will 
flow  from  the  negative  terminal  of  the  battery  back  to  the  positive  terminal  of  the 
battery  and  the  voltmeter  will  indica^-e  the  applied  voltage. 

So,  we  have  another  good  point  to  remember.     When  the  voltmeter  is  placed  across 
the  open  component  in  a  circuit,   it  will   indicate  the  applied  voltage. 


Figure   2-13.  Figure  2-14. 


We  said  previously  that  we  could  check  the  circuit  to  find  the  open  component  with 
an  ohmmeter.     Let's  see  how  we  would   accomplish  this.     Since  we  are  going  to  use  the 
ohmmeter,   we  know  that  the  applied  voltage  will   not  be  needed   to  make  our  check.  We 
will  open  the  circuit  by  opening  the   switch.     Then  we  will  connect   the  ohmmeter  i.\cross 
the  lamp  as  shown  in  figure  2--14. 

With  the  ohmmeter  connected  across  the   lamp,   it  will  indicate  the  resistance  of  the 
lamp.     A  good  point  to  remember;  when  you  connect  an  ohmmeter  across  a  good  component, 
the  ohmmeter  will   indicate  the  resistance  of  that  component  and  it  also  shows  that  we 
have  continuity. 

Opens  can  also  be  found  by  using  an  ohmmeter  or  a  continuity  meter.     Power  must  be 
off  and  the  circuit  Isolated  when  using  continuity   testers.      In   figure  2-15,  an  ohmmeter 
is  being  used   to  locate  an  open  in  wire  A-6. 
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Figure  2-15.     Locating  an  Open  with  an  Ohmmeter 


With  the  ohmmeter  connected  across  the 
resistor,   as  shown  in  figure  2-16,   it  will 
indicate  infinite  resistance,  or  no  continuity. 
So  remember,   when  you  connect  the  ohmmeter 
across  an  open  component,   the  ohmmeter  will 
indicate  —  infinite  resistance. 


By  now  you  should  have 
standing  of  what  an  open  i 
find  opens  in  a  circuit. 


a  c lear  under- 
and  how  to 
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Figure  2-16, 


Shorts 


There  are  two  types  of  shorts. 

LOCATING  DIRECT  SHORTS.     Some  kind  of  continuity  tester,   such  as  x;he  ohmmetor 

Notice  In  figure  2-17.  an  ohmmeter  Is  being  used  to  locate  a  direct  short  omv  Jh*. 
ohmmet«!r  connected   to  th,;  A-4  lead   Indicates  contlnuitv  x     tu^.   r  »  / 

shortod  to  the  opposite  side  of  the  SJJSJi'rpJSJJdJSrJ  ^hort^ut 'J^J^'Sr7on?"?li:;':'^ 


A-1 


A-3 


®  ® 


Figure  2-17 


LOCATING  CROSS  SHORTS, 


^4  .    '^^^  same  testing  aevices  and  procedure^  are  usr  i  in 


Figure  2-18.     Probable  Leads  Isolated 
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After  both  circuits  are  isolated ,   the  testing  device  is  connected  across  the 
probable  leads,   such  as  A-3  to  A-7,   A-3  to  A-8,   A-4  to  A-B,   or  A-4  to  A-7»      Noto  that 
any  of   these  combinations  would  have  the  same  effect.      In  figure  2-19,   the  ohmmetor 
shows  the  cross  short  to  be  between  A-3  ard  A-8» 


Figure  2-19.     Locating  a  Cross  Short 

A  shorted  switch  is  one  that   falls  to  break  contact  when   it   is  placed   in  the  off 
position*      The  effect  of  a  shorted  switch  is  that  the  unit  operates  continually.  In 
figure  2-20  an  ohmmeter  indicates  the  switch  is  shorted. 


o  n 


EC-^64C 


Low  Power 


Figure  2-20.     Checkinj$   for  a  Shorted  Switch 


If  a  low-power  condition  is  suspected,  all  electrical   units  on  the  circMlt  shoulrl 
be  turned  on.     Thisr  should  create  maximum  currant  flow.     Voltage  drops  across  the  units 
should  be  compared  with  total  voltage.     Figure  2-21  shows  a  line  loss  check. 


1  !0V 


00  V 


Figure  2-21.     Voltage  Drops  Should  Equal  Total  Voltage 
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clrcuJt%;Stan;S:  discovered,   the  eloctrical   load  must  be  reduced  or  a  ne. 

SUMMARY 

Troubleshooting  is  a  systematic  means  of  locating  malfunctions  in  a  circuit. 
The  three  types  of   troubles  are:     opens,   shorts  and   low  power. 

Opens  prevent  the  flow  of  current,  whereas  a  short  allows  it   to  flow  where  it  n,^* 
wanted.     Low  power  causes  sluggish  operation  of  units. 

The  testing  devices  are  the  voltmeter,  continuity  meter,  ohmmeter  and   test  light. 

Continuity  devices  musr  be  used  in  circuits  where  the  oower  1r  r,fr  « +k„  ^, 
isolated.     voltmeter  and   test   light  are  used   in  circui?s%^ere  til  S^wer" is'?e f  t 'on"  * 

QUEST!'  r? 

1.  What  testing  device  cannot  be  used  In  locating  a  cross  short? 

2.  What  Is  the  indication  of  a  direct  short? 

3.  What  is  one  cause  of   low  power? 

4.  What  testing  devices  are  used  In  circuits  where  power  can  be  left  on? 


5.     How  Is  the  circuit  checked   for  1 


6.     What  Is  the  effect  of  an 


ow  power? 


open  circuit? 


What  is  a  shorted  switch? 
REFERENCE 

Modern  Refrigeration  and  Air  Conditioning  by  Goodard  Wilcox 
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COMBUSTION  EFFICIENCY  AND  DRAFT 


OBJECTIVE 


Upon  completion  of  this  lesson,   you  will  be  able  to: 

1.  t-v^rform  combustion  analysis  and  compute  combustion  efficiency. 

2.  Explain  procedures  necessary  to  adjust  stack  draft   to  assure  proper  combusvion. 
INTRODUCTION 

Combustion  of  any   fuel  produces  waste.     When  the   fuel   is  coal,  oil,   ijas,   woo<i  or 
other  orga.nic  compounds »   the  waste  produced   takes  various  forms  of  carbon  and  other 
bothersome  residue.      /Vnd ,   that  causes  a  problem:     wKat  to  do  with  the  end  products  of 
combustion.     There  was  a  time  when  concern  over  that  problem  was  small  and  the  answer 
was  easy,   simply  release  the  smoke  or  other  waste  into  the  atmosphere.     Today,  the 
answer  is  not  so  easy.      In  recent  years  we  all  have  begun  to  be  concerned  about  the 
products  of  combustion  that  hover,   pregnant  with  death — not   life — over  our  cities. 

Since  smoke  causes  air  pollution,    it   is  often  a  public  nuisance  and   is  usually 
restricted  by  public  ordinances.     When  associated  with  fog  it  produces  "smog"  which  may 
be  detrimental   to  aircraft  components,   electronic  and  other  sensitive  equipment.  Also, 
it  may  constitute  a  flight  hazard.     Soot  deposits  on  boiler  heating  surfaces  cause  the 
fol lowing : 

— Reduction  of  boiler  capacity  because  of  the  insulating  effects  on   the  heat 
transfer  surfaces. 

— Increase  of  draft  loss  because  of   the   increased   restriction  to  gas  flow. 

— Increase  of  corrosion  because  of   the  sulfur  compounds  generally   found   in  soot- 

— Increase  of  boiler  outlet  gas  temperature,  and  decrease  of  boiler  efficiency 
because  of  the  decreased  heat  transfer. 


Combustion  efficiency  is  the  ratio  of  the  useful  heat  delivered  by  the  burning  fuel 
to  the  supply  of   fuel.     The  most  efficient  combustion   is  that  which  releases  the 
greatest  amount  of  "usable"  heat  from  fuel.     Usable  heat  is  that  heat  which  is  available 
for  heating  the  boiler  or  furnace. 

To  really  understand  how  combustion  efficiency  is  mea.sured,    you  must  consider  th.> 
chemistry  of  combustion.     All  fuels  consist   largely  of  carbon.     The  air  we  breathe 
consists  of  20  percent  oxygen.     (The  remaining  air   is  nitrogen,   with  small  amounts  of 
other  gases.)     When  burning  takes  place,    the  oxygen   in  the  air  combiners  with  the  carbon 
In   the  fuel    to  release  a  gas  called  carbon  dloxidi*   (Ct)2)-      Kich   particle?  of  CO^  jv«is 
is  made  up  of  one  carbon  atom  and  two  oxygen  atoms.     The  "C"   in  the  formula  stands  for 
one  carbon  atom;   and  the  "O2"  stands  for  two  oxygen  atoms. 

In  this  burning  process,   two  atoms  of  oxygen  always  unite  with  one  atom  of  carbon. 
In  other  words,   it  takes  a  definite  amount  of  oxygen  to  burn  a  given  amount  of  carbon. 
The  efficiency  of  combustion  can  be  checked  by  instruments. 

Only  the  oxygen  of  the  air  supports  combustion.      In  perfect  combustion,   the  entire 
20  percent  of  oxygen  from  the  air  combines  with  carbon  atoms  to  produce  a  corresponding 
20  percent  of  carbon  dioxide.     By  measuring  the  carbon  dioxide  of  the  flue  gases,  you 
can  determine  how  efficiently  the  fuel  burns. 

When  the  fire  receives  too  little  air,   one  atom  of  oxygen  combines  with  one  atom  of 
carbon  to  release  carbon  monoxide  (CO).      Unlike  carbon  dioxide,   carbon  monoxide  is 
highly  poisonous.     Breathing  very  small  amounts  of  carbon  monoxide  can  be  fatal. 


INFORMATION 


PERFORM  COMBUSTION  ANALYSIS 
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ofPl.fon.v  ^^'"^  '•''•^  ^""^  <^<^  attain  maximum  .ombuation 

efficiency  L.s  to  supply  tho  fuel  with  more  air  than  It  actually  needs  (siac,'  air  Is 
free,  anyhow)  to  mako  sure  there  are  enough  oxygen  atoms  to  combine  with  the  ca^bin 

tTs^I^  ariiefflSenrr^nnf  "^"^^^  °^  ^^^'^  ^^^^  directly  up  the  s.CkeStack. 

inis  IS  as  tnerxlclent  as  not  providing  enough  air. 

fuel  '^*'LDJriJe?J«  h^^^^^^^^  dioxide  In  flue  gases  varies  with  the  kind  of 

1!     Z     experiments  have  shown  that  a  coal  Is  most  efficient  when  the  flue  eas  contains 
aSrJor\arrH^l°r*'°"  ^^°-^^%'  fuel  oil.   the  content  should  be  about  ?0  percent. 

eSflSenS  o?  a  Lfler'^^sL^  ^ev-^al  methods  are  used  to  determiae  the  combustion 
ofmr;?!  22  a  boiler.     Some  CO2  analyzers,   such  as  the  portable  units,   are  quite 

simple  to  operate,  whereas  the  automatic  recording  types  are  very  complex! 

The  CO2  analysis  readings  can  be  used  with  reasonable  accuracy  as  Kutdes  to 
comSS^tion  !re  «?l?ht'  ^«  proceeding  properly,   the  Jhancls  'fSr  ^nc.omplote 

haf  Slei^LnSousei^JS'thrj^ces^?'  analysis  because  It' 

NOTB:     J.'^^'^fy*"  proper  combustion  Is  the  three  T's  (time,   terzperature  and 

T"®^  cannot  burn  completely  If  the  combustible  elements  are  not 
^^f^^^f"*  ''^^w        adequate  quantity  of  oxygen.     Also,   the  air  mu&t  be  Intimately  mixed 
Ti«  Mnnir^f elements  of  the  fuel  so  that  all  fuel  particles  iJe  iS  ciJtacrJith 
the  required  oxygen.     This  condition  is  usually  brought  about  by  supplying  the  air  in  a 
manner  that  produces  a  high  degree  of  turbulence.  aMoui  oy  supplying  the  air  in  a 

reach'^f"mfn^II!M^•.,„??T*'"^^^°"  Is  possible  only  when  the  combustible  elements  of  the  fuel 
Ts  ?eaJhei    comhu«^^i°"  temperature  in  the  presence  of  oxygen.     When  this  temperature 
is  ^n«t  t^\H«  ^?°°""  and  more  heat  ls  produced  by  the  combustion  reaction  than 

is  lost  to  the  surroundings.     Combustion  then  becomes  self-sustaining. 

TP  ^v,^^*^^'  combustible  elements  of  a  fuel  must  be  allowed  sufficient  time  to  burn. 

JLi?orr^r«  ??„rH^H^*J^  are  carried  to  a  low  temperature  zone  before  co0,buS?ion 

JS?e  ?s  cSJreJi  JoJ^?im?lon'''ti:  ^^^^^^''^  '•^^"^^  f"^"^^«  tempera- 

ture is  correct  for  ignition,   the  supply  of  oxygen  adequate,  and  the  mixing  proper. 

^et^ho?®  TT^h^^!^H°^H°°"'*'"^*^°"  analysis  are  the  comparison  method  and  the  absorption 
^ethod.     Although   there  are  numerous  analyzers,    these  two  methods  are  the  ones  used  to 
determine  combustion  efficiency.  =  »ic   i-uo  ones  uft.i-ri  to 

Orsat  Flue  Gas  Analyzer   (Figure  3-1) 

Since  It  is  humanly  impossible  for  an  operator  to  actually  see  the  ^ases  of 
combustion  in  a  boiler,  he  cannot  know  hl3  actual  combustion  efficiency.     He  cannot  feel 

be;;rpr!SucId""?orsteim'?«'in'T  heat;  he  cannot  perceive  amou^J  o?  st'l^.i 

Deing  proauced.   for  steam  is  an  invisible  gas.     Therefore,   it  might  be  well  for  the 

arrt^rJnHir\J°  instrumentation  as  an  extension  of  his  own  slSses?     IctufTfy ^  they 

plants       iJjSout  ?he7  h^'°^H^  i«  ^'^^^^"B  Pl»°«         his  boiler 

ei?;^Iiy  I^oSk  or  ^n^;  ^"^^  "^^^  instances  his  guesses  would  be 

entirely  wrong  or  come  too  late  to  be  of  any  use. 

.oo..hJn®H?^^f^  analyzer  is  designed  to  determine  the  percentage  of  CX)o 

(carbon  dioxide)     O  (oxygen),  and  CO  (carbon  monoxide)  present  in  the  flue  gas  leaving 
listed  be^^w.  '^''^"•'Ption-type  unit  comprised  essential  ly  of   the  major  compononts 

cock  ^^'^TJe'^thi^rVt^mr*''*'  graduated  in  centimeters,   a  leveling  bottle  and  three-way 
oh.°™;^oi         ^  f    i  !^  "^^'^  *°  measure  a  specified  amount  of  flue  gas  through  the 

chemicals  used  to  determine  percentage  of  CO2,   O.  and  CO.  tnruuBn  tne 

chemlI^ls^as°follSisT  consists  of  the  pipettes  (three  each)  used  to  hold  the 

—  Cardisorber  or  CO2  absorber. 

—  Pyrogallic  Acid  or  O  absorber. 

—  Cuprous  Chloride  or  CO  absorber. 
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The  third  major  component  consists  of   the  aspirator  bulb,    filter  and   samplLnk;  tubt?. 
These  three  Items  combined  provided  a  means  of  obtaining  a  roprosontat Ive  sample  from 
the  flue  and  forcing  the  gas  through  each  respective  chemical • 

Ope rat Ing  Principle ,     This  Instrument  operates  on  the  vo lume trio  measurement  and 
chemical  absorption  in  the  same  manner  as  the   Installed  absorption  CO2  analyzer.  The 
advantage  with  this  Instrument  Is  the  fact  that  it  Is  portable  and  has  the  capability  to 
measure  amounts  of  carbon  dioxide  (C02)»  carbon  monoxide   (CO),   and  oxygen   (O)  with  one 
flue  gas  sample  by  following  established  procedures.     Figure  3-1  Illustrates  the  Orsat 
and  its  basic  components. 


SAMPLtNG  TUBE 


Figure  3-1.     Orsat  Flue  Gas  Analyzer 
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Fyrit-  CO2  Analyser  aad  Components 

ilyzer  is  an 
)n  by  measuri 

tne  tester  and  Its  c;;;one:ts .  °'  """^  Present  in  the  ffue  ga^, 


1.  Gasket 

2.  Top  Cap  Holding  Screw 

3.  Top  Cap 

4.  Plunger  Cap 

5.  Connector  Tip 

6.  Plunger  Seats 

7.  CO2  Scale 

8.  Scale  Locking  Screw 
^.  Rubber  Aspirator  BuU> 

10.  Bottom  of  Analyzer 

11.  Filter  Nipple 

12.  Connection  Sampling  Tube  to  Filter  Nipple 

13.  Filter  Tube 

14.  Connection  Tubing  to  Sampling  Tube 


Figure  3-2.     Typical  Fyrite  CO^  Ana^y^er 

.eve  J%-p-r-.?S?S-t-;n^^i-a-  ^ ^H^^^^o.  proper  ..i. 

witH  t.?e"p?J?JS:--«  — -V  in  ^.i„,         _,,3,,  ^^^^^^^^^ 

-Adjust  zero  percent  scale  .ar.  to  the  top  or  riuid  column. 
—Pump  sample  to  be  analyzed  into  Fyrite. 
-Absorb  CO2  from  sample  into  Fyrite  fluid. 
-Read  percent  of  COg  on  scale  at  the  top  of  fluid. 
Fixed  Flue  Gas  Analyzer 
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boiler  conditions,   will  chance  as  time  passes.     Only  through  occasional   readjustments  of 
the  controls,  as  Indicated  by  results  of  gas  analysis,  can  peak  combustion  efficiency  be 
maintained.     Since  most  continuous  analyzers  are  calibrated  with  portable  analyzers^  It 
Is  Important  that  the  function  of  both  types  be  understood. 

Since  each  manufacturer  incorporates  different   foat\iros  of  doslpn  In  his  particular 
Instruments,    it  would  be  Impossible  to  describe  them  all   In  tlie   time  allocated. 
Normally,   the  manufacturers  will  supply  full   technical  data  with  their  products.  For 
this  lesson,   we  will   limit  our  discussion  to  the  following  main  topics: 

Condu-Therm  Analyzer 

—  Absorption  Type  Analyzer 

CONDU-THERM  ANALYZER.  The  fact  that  gases  and  vapors  conduct  heat  at  various  rates 
provides  thermal  conductivity  as  a  means  of  gas  analysis.  For  analysis,  the  sample  must 
be  a  binary  mixture  of   the  gaa  to  be  measured  and  a  background  gas. 

The  background  gas  may  be  a  single  gas  or  it  can  be  composed  of   several  gases 
acting  as  one. 

If  the  mixture  consists  of  a  measured  gas  and  one  other  gas  (a  binary  mixture),  the 
net  thermal  conductivity  varies  as  the  percentage  of   the  measured  gas  varies. 

The  receiver  is  calibrated   to  show  the  desired  measurement   In   percentage.  The 
sensitivity  depends  on  the  amoxint  of  difference  between  the  thermal  conductivity  of  the 
two  gases* 

Tht*  thermal   conductivity  of  a  mixture  of   Kf^f^^^'^Ri    1n<!liidlnrt   th<^  i^as   l;o  bo  mnasurf><J, 
in  compared   with   that  of  a  background  or  reference  gas.     T»ie  dirference  bctw<:en  the 
thermal  conductivity  of   the  sample  and   reference  gases  is  used  as  a  measurement  of  the 
percentage  of  one  gas  in  a  mixture  of  gases « 

In  order  to  use  this  method  of  measurement,   the  difference  in  thermal  conductivity 
must  vary  proportionally  with  the  concentration  of  the  gas  to  be  measured. 

The  Condu-Therm  analyzers  provide  two  types  of  analyses.     One  is  used  to  measure 
the  concentration  of  a  gas  whose  thermal   conductivity  is  greater  than  that  of  the 
reference  gas. 

The  other  type  is  used  to  measure  a  gas  whose  thermal  conductivity,   is  less  than 
that  of  the  reference  gas.     The  difference  between  the  two  is  an  electrical  modification 
which  causes  the  pen   to  read  upscale. 

Saniple  gas  diffusing  into  the  measuring  cell  absorbs  heat  from  the  measuring 
resistor  in  a  direct  ratio  to  the  thermal  conductivity  of  the  sample  gas.     Thus,  any 
difference  in  the  themal  conductivity  of   the  two  gases  (sample  and   reference)  changes 
t!u»   Vc>lt.ag<»   halaiKTO   of   a  WhiMi  I.m  ton<»   hrld^o   r  I  r<Mi  I  t    in    \.Ui*  ?:y.'<l.i'm   .*     h<  Mn;H.  i  *  •    <rii:iir«»   3      )  . 
Any  voltage  unbalance'of   this  circuit  is   transmitted    to  an  amplifier.      Hero,  tlils 
voltage  unbalance  is  amplified  and  impressed  on  the  pen  drive  motor  windings.  This 
motor  operates  a  slide  wire  to  rebalance  the  bridge  circuit.     A  cam,   also  rotated  by  the 
motor,  operates  the  Indicator  and/or  pen   to  show  the  net  thermal  conductivity  directly 
as  a  percent  by  volume  measurement  of  the  sample  gas. 

The  measurement  of  CO2  in  flue  gas  is  a  common  application  of   the  Condu-Therm 
analyzer.      In  this  application,   the  thermal  conductivity  of  flue  gases  is  compared  with 
that  of  a  reference  gas  (usually  air). 

Normally,   flue  gas  is  a  mixture  of   nitrogen  (N),   oxygen  (O),    sulfur  dioxide 
(SO2),   carbon  dioxide  (CO2)  and  water  vapor.     The  N  (and  other  inert  gases  in  air) 
percentage  of  thermal   conductivity  remains  constant. 

The  gas  sample  is  saturated  with  water  vapor  as  it  enters  the  cell  block,   and  the 
percentage  of  water  vapor  is  thus  held  constant.     The  SO2  percentage  is  very  small  and 
for  all  practical   purposes  it  can  be  considered  to  be  CO2.     Therefore,   O  and  CO2  are 
thf*  chief  variables  in  the  sample  nas,   and  the  percentage  of  one   increases  as   the  other 
decreases,    in  a  definite  relationship.      The    thc*rtna1    r.onduc  L I  vi  ly   of    tlio   flue  gas  mixture? 
changes  as  the  percentage  of  CO2  changes.      The  receiver  is  calibrated   to  show  the  per- 
centage of  CO2  in  the  gas  mixture. 
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Figure  3-3.     System  Schematic 

r^>^i«f^^I''^i''°  Analyzer.  Two  electrically  self-heated,  Identical,  glass  covered 
resistors  are  mounted  m  separate  chambers  In  the  analyzing  cell  block  rflff^lr^^  !^ 
These  resistors  form  two  legs  of  a  Wheatstone  br Idge  clrcSl t!  v^lgure  3-4). 

Since  these  resistors  have  large  temperature  coefficients     anv  di  f  f**r-on^-t. 
lZ'^ll\7rt  TA'lrlnlT  "  electrical  SSIJii^rS^i  Irl^'AlZtrVl.. 
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ABSORPTION  CO2  ANALYZER,      Another  type  of  installed  CO2  analyzer  used  commonly 
throughout  Air  Force  bases  Is  the  absorption  unit  which  analyzes  CO2  samples  approxi- 
mately every  two  minutes.      Only  the  operating  principle  will  be  covered  in  this  study 
guide • 

Operating  Principle ,     This  instrument  operates  on   the  principle  of  volumetric 
measurement  and  chemical  absorpcion.     A  sample  of   flue  gas   Is  automatically  mousurtni  at. 
a  constant  pressure.      It  is  then  directed  into  an  absorption  burette  where  the  CO2 
content  of  the  sample  comes  in  contact  with  an  absorbing  chemical,   CO2  absorber 
(card  1 sorber ) .      In  absorbing  the  CO2 >    liquid  cardisorber   is  displaced   in  an  inverse 
proportion  to  the  CO2  content  of  the  sample  gas.     The  CO2  content  ts  then  recorded 
on  a  chart  at  the  end  of  each  analysis. 


The  Combustion  Efficiency  Graphs  in  the  workbook  may  be  used   to  determine  the 
combustion  efficiency  when  burning  the  more  common   fuels.     When  using  these  graphs,  it 
is  necessary  to  know:      first,    the  percentage  of   the  CO2  in  the  flue  gas;   second,  the 
temperature  of  the  flue  gas;   third,   the   room  temperature;   and   fourth,    the  type  of  fuel 
being  used.     With  this  information,   determine  the  combustion  efficiency  in  the  following 
ma  n  n  e  r  : 

--Find  the  difference  between  the  flue  gas  temperature  and   room  temperature.  This 
is  the  net  stack  temperature. 

— Locate,   on  the  bottom  of   the  scale,   the  point  that   represents  the  net  stack 
temperature  on  the  proper  graph. 

— Find  the  diagonal   line  which  represents  the  amount  of  carbon  dioxide   in  the  flue 


— Find  the  point  of   Interception  of   the  two  lines. 

— Draw  a  horizontal  line  to  the  left-hand  scale  from  where  the  two  lines  intercept. 
The  point  at  which  the  horizontal  line  crosses  the  left-hand  scale  represents  the 
percentage  of  combustion  efficiency. 

The  iJrocedures  for  adjusting   the  fuel-air  ratio  must  be  done  safely.     These  proce- 
dures will   vary  with  the  type  of  equipment  installed. 


Wheti  perff>rming  maintenance  of    flue  gas  analyzt^rs,    follow  maun  ra<:tiir«»r  •  s  f)i<M-.<?<lu  rt.»s 
and  observe  all  safety  precautions. 


To  have  a  heating  plant  operate  efficiently  requires  that  the  operator  have  all  the 
"know-how"   regarding  all  of  his  equipment.     The  best   test  equipment  available  is  only  as 
good  as  the  person  or  persons  using  it.      Therefore,    It   is  up  to  the  individual  to 
familiarize  himself  with  the  test   Instruments  that  he  will  be  using. 

The  Coadu-Therm  gas  analyzer  operates  on  the  principle  of   thermal  conductivity. 
Any  difference  in  thermal  conductivity  of  two  gases  causes  a  temperature  difference, 
changing   the  resistance,   and  consequently,    the  voltage  balance  of   the  Wheatstone  bridge 
circuit.      The  resultant  output  voltage  is  transmitted   to  the  recorder  where  it  is 
detected,   amplified  and  impressed   on   the  pen-drive  motor. 

The  absorption  CO2  meters  operate  on  the  Orsat  principle  of  volumetric  measur<i- 
ment  and  chemical  absorption.     A  gas  sample  of   flue  gas  is  pulled  by  a  veuturi ,  tested, 
and  CO2  content  is  recorded  on  a  chart  approximately  every  two  minutes. 


Computing  Combustion  Ef f Iclency 


gas. 


Maintenance  of   Flue  Gas  Analyzers 


SUMMARY 
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QUBSTiONS 

1.  What  if?  mcMint  by  the  torm  "combustion  efficiency?" 

2.  Soot  is  caused  by 

3.  What  is  meant  by  the  terra  "perfect  combustion?'" 

4.  What  type  of  gas  indicates  good  combustion? 

5.  What  is  the  minimum  percent  CO2  for  oil? 

6.  What  information  must  be  known  to  be  able  to  compute  combustion  efficiency? 


REFERENCES 

1.  AFM  85--12,   Volume  I,   Operation  acid  Maintenance  of  Central  Heating  Plants  and 
Distribution  Systems . 

2.  Hays  Corporation  Bulletin  No.  55-E621. 

3.  Bacharach  Instrument  Company  Pamphlet  lO-OP-51. 
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DOMESTIC  AND  INDUSTRIAL.  OIL  BUHNERS 

OBJECTIVE 

Upon  completion  of  this   lesson,   you  will  be  able  to: 

1.     ETcplain  characteristics  of  oil,   theory  of  gravity  and   forced   fiml   oil  sypply 
system • 


Install,   operate  and  maintain  rotary  pumps. 
Inspect  and  maintain  fuel  oil  piping  systems, 


2. 
3. 

4.     Perform  preoperational  checks  and  operate,   adjust,  maintain,   troubleshoot  and 
replace  oil  furnaces* 


INTRODUCTION 

The  Air  Force  uses  many  different  types  of  oil  burners.      In  this  study  t^uide  we 
will  cover  the  different   types  of  fuel  burning  equipment*      It  will  be  done  in  two 
sections • 

SECTION  I     —  Fuels  and  Fuel  Systems 

SECTION  II  —  Domestic  and   Industrial  Oil  Burners 

SECTION  I 
FUELS  AND  FUEL  SYSTEMS 

OBJECTIVE 

To  help  you  in  learning  the  types  of  oil  used  in  heating  installations,  including 
handling,   piping  systems  and  the  pumps  used   to  move  this  oil. 

INTRODUCTION 

Many  trees,    ferns  and  other  types  of   vegetation  have  grown,  died,   decayed  and  been 
covered  with  layers  of   the  solid  particles  that   form  the  earth's  surface.  Geologists 
believe  that  the  decomposition  of  these  minute  marine  growths  or  possibly  of  vegetable 
matter  in  some  cases  formed   the  oil  which   lies  trapped   in  pools  between   layers  of  the 
earth's  crust.     This  crude  oil  consists  of  complicated  coTibinations  of  carbon  and 
hydrogen  called  hydrocarbons. 


INFORMATION 


Characteristics  of  Oil 


Fuel  oils  are  derived   from  crude  petroleum.     This  crude  petroleum  is  a  mixture  of 
hydrocarbons  and  small  amounts  of  nitrogen,   sulfur,   and  vanadium;  the  amount  of  each 
substance  present  varies  with  petroleum  source.     The  various  products  derived  from 
petroleum,   including  fuel  oils,   are  separated  by  fractional  distillation.     This  is  a 
process  by  which   liquids  with  different  boiling  points  are  separated   from  solution  by 
repeatedly  evaporating  and  condensing  portions  of  the  mixture.     See  figure  4-1.  In 
general,   fuel  oils  can  be  divided  into  two  major  classifications;  distillate  and 
residual • 

Distillate  Fuel  Oils.     When  the  fractional  distillation  process  is  applied  to  crude 
petroleum,   the  gaseous  and   light  substances  boil  off  first,    followed  by  the  gasoline, 
the  kerosene,   and  then  the  light  and  heavy  distillate   fuel  oils  (''gas  oils"). 
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from  thf^Hl^^JirVfln^i^^-     When  marketed  as  a  f>,.i.   the  "bottom-  or  residual  material 
from  the  dlsttllatton  process  is  callod  residual  fuel  oil.     Since  crude  netrolpum^  from 
various  sources  differ  widely  m  composition,   there  Is  conslderabirS??ference  Jrti^sS 
oils.     In  general,   they  are  heavy,  dark  and  not  as  fluid  as  the  lighter  distillate  oils. 


Yields  of  refined  products  from  crude 


L 


Residual  oii/ii>r% 
Jcl  'h4el/7.4% 


Kera6efTQ/1.0%  |] 
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Pi5tU»l»  fuel  oti/jSL7% 


I  -I 


I  — r 


(   ^ 
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t  — t 


Road  oJW».l%  I  '  ^  Y/t)^.l% 


Figure  4-1 


Commercial  Grade  Fuel  Oils.     Commercial -grade  fuel  oils  are  generallv  classlfiort 
;arlo2s"?vniJo?"i''"l  -n.l  ..ho.     tHoho  ol?.  ar^tnfonl'd  f.^r^'srl, 

^or  ?f  fuel-burning  equipment  under  various  climatic  and  operating  conditions 

s?eam    or  ;oriJh«r°nn^noi  i°  ^^^^^"8  buildings,   for  the  generltioS  o{  ' 

Sp^^TfiraSJlfa'ttonririSdica^ed  l^fow:  '^''^  specification  are  intended  for 
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Grade  No.   1.     A  light  dlsiillate  oil  intended   for  use  in  burners  of   the  vaporizing 
type  in  which  the  oil  is  converted  to  a  vapor  by  contact  with  a  heated  surface  or  by 
radiation.     The  average  BTU  content  for  No.    1  is  136,000  BTU's  par  gallon. 

Grade  No.   2.     A  heavier  distillate  than  grade  No.   1.     It  is  Intended   for  usc^  in 
atomizing-type  burners  which  spray  the  oil  into  a  combustion  chamber  where  the  tiny 
droplets  burn  while  in  suspension.     This  grade  of  oil  is  used   in  most  domestic  burners 
and  in  many  medium-capacity  commercial-industrial  burners  where  its  ease  of  handling  and 
ready  avallabnity  Roraetlnif^s  Justify  its  higher  cost  over  the  residual  grades.  The 
averdge  BTU  eUfiiefit  of  NO.    A  18  138,500  BTU's  per  gallon. 

Grade  No.   4.     Usually  a  light  residual  but  sometimes  a  heavy  distillate.     It  is 
intended  for  use  in  burners  equipped  with  devices  that  atomize  oils  of  higher  viscosity 
than  domestic  burners  can  handle.      Its  permissible  viscosity   ran'^e  allows  It   to  be 
pumped  and  atomized  at  relatively  low  storage  temperatures.     Thus,   except  In  extremely 
cold  weather,   it  requires  no  preheating  for  handling.     The  average  BTU  content  for  No.  4 
irt  145,000  BTU's  per  gallon. 

Grade  No.   5.      A  residual  fuel  of   intermediate  viscosity  for  burners  capable  of 
handling  fuel  more  viscous  than  grade  No.    4  without  preheating.     Preheating  may  be 
necessary  In  some  types  of  equipment  for  burning  and   in  colder  climates  for  handling. 
The  average  BTU  content  of  No.   5  is  148,500  BTU's  per  gallon. 

Grade  No.    6.     A  high-vlscosl ty  oil,   sometimes  referred  to  as  ''Bunker  C,"  and  used 
mostly  in  commercial  and   industrial  heating.      It   requires  preheating  in  the  storage  tank 
to  permit  pumping  and  additional  preheating  at  the  burner  to  permit  atomizing.  The 
extra  equipment  and  maintenance  required   to  handle  this  fuel  usually  preclude  its  use  in 
small  installations.     The  average  BTU  content   for  No.   6  is  152,000  BTU's  per  gallon. 

Properties  and  Characteristics.      The  most  important  properties  of  burner  fuel  oils 
are  viscosity,   flash  point,   and  water  and  sediment. 

VISCOSITY.     The  relative  ease  or  difficulty  with  which  an  oil    riow?>    Is  c;illc<I 
viscosity.     Viscosity  indicates  how  oils  will  behave  when  pumped  and  shows  when 
preheating  is  required  and  what  temperature  must  be  maintained.     A  low  viscosity  allows 
tht*   fuel    to   flow   readily   through  supply    1  l.neH  and    tn  bo  brokiMi   up  by      horn  i  y.  i  l.yp<' 
burners . 

FLASH  POINT.     Flash  point  represents  the  temperature  at  which  an  oil  will  give  off 
enough  vapor  to  make  a  flammable  mixture  with  air. 

WATER  AND  SEDIMENT.     Water  and  sediments  are  impurities  and  while  it  is  not 
economical   to  eliminate  them  they  should   not  occur  in  large  quantities.     This  normally 
is  not  a  problem  with  the  distillate  fuels.     However,   residual  fuel  will  usually  contain 
a  measurable  amount  of  one  or  both  due  to  the  nature  of   the  product  and  conditions  of 
storage.     Any  measurable  amount  of  sediment  results  in  strainer  blockage,    fouling  of 
burner  tips,    lines,   etc,   and  may  cause  soot  deposits. 


THEORY  OF  GRAVITY  AND  FORCED  FUEL  OIL  SUPPLY  SYSTEMS 

The  Air  Force  stores  fuel  to  have  available  at  all   times  a  reasonable  supply  In 
accordance  with  the  requirements  of  the  Installation  equipment,   and  to  provide  an 
emergency  supply   for  use  in  case  of  Interruption  of  the  normal  delivery  schedule. 

Among  the  units  of  a  fuel  oil  supply  system  are  storage   tanks,   pljilng  systems, 
pumps,   values  and  strainers. 

FUEL  OIL  STORAGE  TANKS.     Oil  storage  tanks  can  be  of  either  the  above-ground  or 
below-ground  type . 

Aboveground  Storage  Tanks.     Aboveground  storage  tanks  are  usually  cylindrical  and 
constructed  of  steel.     they  may  be  either  horizontal  or  vertical.     Electrical  grounding 
of  aboveground  steel  storage  tanks  is  required   to  safely  discharge  static  electricity, 
which  may  build   up  an  electrical  potential  on   the  tank.     Grounding  is  important,  since 
it  prevents  fires  and  explosions  which  could  be  caused  by  sparks  discharged  by  static 
electrical  charges. 
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Below-ground  Storage  Tanks.     Underground   fuel  oil  storage  tanks  are  usual  Iv  r^f  f^H.> 
ei;;!^if^^i^T'  rr*^  ^  suitable  exterior  protective  coating'     A  relnfoicL  ' 

''^^u         generally  used  as  the  tank  foundation.     The  steel  bottom  of   the  tank  Is 
?!?tw^n2*'i°''®^'^°  foundation  slab  at  frequent  Intervals  to  preven?  ?allur«  o? 

lifting  due  to  water  pressure  between  the  slab  and  the  steel  tank  bottom.     The  extent  of 
this  anchoring  should  be  adequate  to  meet  the  groundwater  condition  where  the  tanJ  ?s 
iZmt\  "U'^^'Sf^rd  *^°ks  have  the  same  type'^of  auxiliary  equipment  as  aSove  ground 
storage  tanks.     Under  certain  soil  conditions,  corrosion  of  below-ground  steel  Ztorll^ 
l^lv  tr^  ?h^"™;t«7^^%''"'"'''"'^°!?  ^^^^"^'■^i^y  associated  with  a  flow  of  electric  current 
oJoLct?J^„     «n=T^     K  ^?  Prr«"*  cathodlc  protection  Is  often  used,  Cathodlc 

mISe  rr^r.HoHfi^?^  suitable  electrical  potential  applied  to  the  tank  to 

the  ..iiroH^n^  *°  ^''^^  surrounding  soil.     This  produces  a  current   flow  to 

the  corroding  metal  and   reduces  corrosion  to  a  minimum. 

stora??*Sr?reI  ^"^^  STORAGE  TANKS.     The  component  parts  used  with   fu.^l  oil 

Id^ilJiTir'  /^^^^'^  pipes  for  steel  fuel  oil  storage  tanks  should  be  large  to  permit 
ninti  ^""^  ^"^ey  at   least  two  feet  away  from  the  buUriing 

nlngs  on  the  same  or  lower  levels.  *^ 


rap 
ope 


Vent  Pipe.     Vent  pipes  are  sized  for  the  desired  rate  of  fliilna.     Thev  extenri 

co^nl^t?*"^"  "'^^  filler  opening  and  are  equipped  with  a  water-pJoii  hiad  rnfsJ^eeS?  No 

^«^««}h?f  V  ^kTI^P^*^  ^'"^  ^^^"^  *°  P^P«-     Vent  openings  are  located  as  far 

as  possible  from  buildings  and  sources  of  Ignition. 

Othor  <-.<,inponont.s  uso.l  with   fuel  oil    storage   tanks  are  level   Indicators  Mloulrto- 

ZlV^nl'  ""^t  heating  unit,  and  return  pt^ng    rro.n  S 

heating  unit  to  the  tank.  Manholes  may  also  be  Installed  on  fuel  oil   slorlge  tanks  for 
gioLd'^^anks!"'"  ground  straps  or  cables  are  used  In  grounding  above- 

n*.rBoJnfl  oil  storage  Tanks.     An  empty  fuel  oil  storage  tank  should  never  be  entered  by 
personnel  without  permission  and  Instructions  from  the  proper  authority.     it  Is  seldom 
necessary  to  clean  a  fuel  oil  tank  until  the  sludge  becSmes  excessive /the"nter?oi  o? 
^^^vo        becomes  excessively  corroded,  or  the  tank  has  to  be  repaired.     When  fuel  oil 
JSrJower  ^ifr^'''  certam  safety  precautions  must  be  complied  SJ^h  and  certat^  me?iods 
i-ii«r?'  engaged  In  cleaning  fuel  tanks  win  be  completely  Informed  of  the 

Sf^f  "''^^  ^^'^^^  observance  of  all  safety  rules.     Explosion  and 

fire     the  presence  of  toxic  liquids,  vapors,  or  dusts,  excess  fLl  vapora  and  oxygeJ 
deficiency,  and  physical  hazards  are  the  principal  dangers  of  tank  clSanZng  ope^Jftons. 

sourcrori^ni?Joi°"%hi'fi  fJ^f*  «?  ^^"^?  °'  ^""P^osi-on :     fuel   vapors,   oxygen,  and 

source  Of  Ignition.     While  it  is  almost  impossible  to  elemlnate  the  first  two 

particularly  at  the  start  of  a  tank  cleaning  Job.  the  third  can  be  removed 
completely.  All  sources  of  Ignition  will  be  prohibited  near  tanks  as  lone  as  anv  fnnl 
vapors  are  present.     No  work  on  fuel  tanks  will  be  started  dur?Sg  electrlLt  storms 

""t^'^^L  "^"'^  conditions  are  such  that  full  vapros  might  Se 

^VJ.itL      °  hazardous  areas.     Personnel  will  take  special  care  not  to  carry  matches 
iiSir  o^erattoHsr  ^""^^""^^^^  Ignition  sources  into  empty  fuel  tanks  during  cleanJSg  or 

^^?ni  personnel  engaged  in  cleaning  or  inspecting  o.k  storage  tanks  will  observe  all 
^*'f^?  "ensures  pertaining  to  this  hazardous  operationT     Any  man  entering  In 
to^inoifno  r?^**  supplied  air  respirator  equipment  containing  a  speaking  diajhrjgm 

eau?nmllf  fff^Ho^^^  communications  between  workers  within  and  wlthou?  the  tank.  tSI 
^nH  .'S^^  producing  sediment  has  been  removed  from  the  tank 

^n^l^%  ^^'^^  °*  materials.     Care  will  be  taken  to  keep  protective  equipment 

iroi^  t?.'°v^     *  ^^l  ""^r"'  entering  tanks  wiU  wear  cllan  cTolh^ng 

from  the  skin  out.  covered  by  white  coveralls.     Suitable,  first-quality  protective 
5J?rh«^??vSr**.'J''  ^  r°r-     '"'^^  Clothing  which  becomes  soJSS  with  slSjge  or  fael 

Immediately  and  the  worker  will  quickly  bathe  and  put  on  fresh 
clothing  before  returning  to  the  Job.     At  the  ©nd  of  the  day ,  work  clothes  will  be 
removed  for  laundering,  and  fresh  clothes  will  be  put  on  the  ne??dSy?    All  persons 

a??ereaiS  '^^IZ'Z  i^V^'r^.""""  ^'^^'^^  ^*  ^^^  ^^  IS  anS'LSId lately 

after  each  day's  owrk.  Breathing  apparatus,  boots,  gloves,  and  tools  will  be  cleaned  at 
the  end  of  each  day  and  after  any  Job  is  completed.  xoois  win  oe  cleaned  at 
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Slii(lgt)  wh  lo.h   hiiR  boon   roinovtwj    Prom  a   tank  will    Ix^  kt^pt  wt^t.   nn  I  M    II.  cnii  hui'lf><l 
in  a  safe  location* 


Anytime  a  bulk  storage  tank  must  be  entered   for  inspection,  cleaning  or  repairs, 
the  work  will  be  approved  by  the  major  command  having  jurisdiction.     The  installation 
Liquid  Fuel  Facilities  Engineer  and  the  Industrial  Hygiene  Engineer,  or  their 
representatives,  will  supervise  the  operations,   regardless  of  whether  the  work  is  being 
done  by  Air  Force  personnel  or  qualified  contractors.     All  persons  who  enter  tank.s  will 
be  In  good  physical  condition.     Colds,   fatigue,  overheating  or  poor  health  will  only  add 
to  the  already  present  personnel  hazards.     No  person  with  a  punctured  ear  drum  will  be 
allowed   to  enter  fuel  tanks;   the  vapor-laden  air  may  be  drawn  through  the  Injury  and 
Into  the  body.     As  previously  stated,   all  persons  working  Inside  fuel   tanks  will  wear 
clean  clothing  of   the  proper  type  and  specif  led  pi-otective  equipment.  Responsible 
personnel  will  be  stationed  outside  the  tank  to  keep  a  careful  watch  on  those  inside. 

All  tank  cleaning  operations  will  be  conducted   according   to  existing  Air  Forco 
legulations  and  directives.      Approved  explosion-proof  equipment  will  be  used    Inside  bulk 
fuel  storage  tanks* 

Kucl   oil    leaks  are  detected  by  visually  checking  all   valvos,    plf)l. nt".   an<l  anxlUary 
equ Ipment . 

SAFETf  PROCEDURES.     Static  electricity  is  a  constant  source  of  danger,  particu- 
larly when  generated  near  fuels  or  flaoimable  vapors.      It  has  been  responsible  for 
starting  many  fires  which  have  resulted   in  extensive  property  damage  and  personal 
injuries.     Static  electricity  is  created  primarily  by  the  contact  and  separation  of  two 
unlike  substances  or  by  almost  any  sort  of  motion  of  persons  or  material.     High  static 
electrical  charges  are  created  by  persons  walking,   by  moving  rubber-tired  vehicles,  when 
liquid  drops  through  space,   and  when  petroleum  products  are  pumped   through  lines  and 
hoses.     Although  static  charges  are  usually  short-lived,   they  will  often  produce 
sufficient  heat  to  ignite  flammable  gases,  vapors,  dust  or  other  flash  point  materials, 
particularly  during  dry,   cool  weather. 

While  the  generation  of  static  electricity  cannot  be  prevented,   the  sparking  hazard 
can  bo  effectively  controlled  by  grounding,   bonding  or  humid  I Clcatlon.     Grounding  and 
bonding  are  particularly  important  in  fueling  operations,  paint  and  dope  shop  work, 
aircraft  and  vehicle  maintenance,   ammunition  handling,   rocket  and  missile  operations, 
compressed  gas  use,   and  in  many  other  daily  Air  Force  operations. 

Static  electricity  is  dangerous  —  first,  because  it  cannot  be  seen;  and  second, 
because  its  potential  hazrds  are  not  commonly  known.     When  the  dangers  associated  with 
static  electricity  are  fully  understood  by  supervisory  and  operating  personnel,  they 
will  readily  recognize  the  need   for  implementing  immediate  and  effective  control 
measures.     Since  static  electridity  is  generated  primarily  by  bringing  together  and 
separating  two  unlike  substances,   or  by  motion  of  almost  any  description,   the  use  of 
effective  grounding  and  bonding  measures  will  greatly  reduce  the  static  electrical 
hazard . 

A  drop  of   liquid  falling  through  space  can  build  up  charges  of  10,000  volts  in  a 
split  second  under  proper  conditions;   it  begins  to  spark  or  arc  at  about  300  volts; 
Stat Iccharges  of  ony  1500  volts  will  ignite  gasoline  fumes;  a  person  walking  across  a 
dry  area  creates  many  times  the  voltage  needed  to  create  a  spark  to  ignite  gasoline. 

Grounding.     Grounding  Is  probably  the  most  practical  way   tt)  control  static  charges 
which  build  up  within  an  object  will  be  carried  off  harmlessly,   neutralizing  the 
difference  in  electrical  potential.     Special  grounding  procedures,  given  in  applicable 
Air  Force  directives,   will  be  observed  by  operations  personnel    In  all  operations  (figure 
4-2).     Grounding  connections  will  be  made  to  clean,   unpainted  surfaces. 

Bonding.     Effective  bonding  will  eliminate  the  differential   in  electrical  charge 
potentials  which  may  exist  or  be  generated  between  two  objects.     By  cor^uecting  the  two 
objects  with  a  bonding  wire  attached  to  clean,   unpainted  surfaces,  a  scatic  electrical 
discharge  connot  occur  between  these  objects.     Bonding  is  just  as  essential  as 
grounding-   and  is  invariably  used  together  with  static  grounds.     Although  bonding  will 
equalize  the  charge  between  two  electrically  connected  objects,   the  objects  themselves 
may  still  be  highly  charged.     By  connecting  a  ground  wire  to  the  bonded  objects,  this 
charge  will  be  drained  off  without  danger.     Conductive  greases  and  *'V"  belts  on  shaft 
pulleys  are  examples  of  effective  bonding. 
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NOZZLC  BONDED 
TO  FILLER  PIPE 


fLEXIBLE   FLAT  TYPE 
METAL  STRAP  3  LONG 


\ 


EFFECTIVE 
GROUNDING  POINT 


Figure  4-2.     Grouudlng  and  Bonding  Systems 
for  Fueling  a  Storage  Tank 

FILLING  TANK.     When  filling  an  oil  storage  tank  be  sure  to  follow  the  cormct 
procedures.     1)  Make  sure  that  all  storage  tank  vents  are  open.     2)  Provide  a  grounding 

but  not  more  than  95  percent  of  capacity.     This  is  to  allow  for  expansion  of  the  oil. 
5)  Before  and  after  receiving  oil,  record  the  tank  level.     6)  Close  fill  line. 
7)  Remove  grounding  connection. 

bn^.o^^nf  Of  P'^E''  OIL  SUPPLY  SYSTEMS.     Oil  Is  transferred  from  the  storage  tanks  to  the 
burners  by  either  force  pumps  or  gravity.     Since  It  Is  not  practical  to  maintain 
™oH«''*«®  regulation  to  compensate  for  varying  loads,  provision  In  some  systems  must  be 
'^eT^rn  unused  oil  back  to  the  storage  tank,  or  recirculating  It  through  the 

ImnoiL^rJn^,'  T?^  following  paragraphs  are  devoted  to  a  discussion  of  some  of  the  most 
Important  fuel  oil  supply  systems.  i. 

Single-Pipe,  Gravity-Feed  Oil  Supply  System.     These  are  used  In  small  space  heater 
installations.     An  Illustration  of  this  type  system  is  shown  in  flgurlS-S.  ^^^Sthts 
system,   the  oil  storage  tank  Is  Installed  at  a  higher  level  than  the  burner.  This 
Sf  unuseS^?!   .o°.i'°'/°  '^'^  burners  by  gravity.     No  provision  Is  made  for  the  return 
SseS  br^he  b  storage  tank  since  the  oil  flow  Is  controlled  by  the  amount  that  Is 


OIL  STORAGE 
TANK 


^>  BURNER 


CGF-OO  S<« 


Figure  4-3.     A  Single-Pipe,  Gravity-Feed  Oil  Supply  System 
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Single-Pipe,   Forced-Feod  Oil   Supply  System.     This  system   Is  usually   uho<I  whoro  It 
Is   Impoasible  to  use  a  oae-plpe,   gravity-feed  system.      In   ttils   typo  syst'»m,    the?  storai-^** 
tank  Is  usually  below  the  level  of  the  burner  as  Illustrated   In  figure  4-4.     An  oil 
pump»  usually  a  positive  displacement  type,   is  installed  In  the  system  to  force  the  fuel 
oil   to  the  burner.     This  system  recirculates  the  unused  oil   through  the  pump. 


Figure  4-4.     A  Single-Pipe,   Forced-Feed  Oil  Supply  System 

Double-Pipe,   Gravity-Feed,   Forced-Return  Oil  Supply  System.     Fuel  oil  supply 
systems  of  this  type  are  designed  for  larger  installations  than  those  mentioned 
previously.     The  fuel  supply  line  in  this  system  is  esentially  the  same  as  a.  single-pipe 
gravity-feed  system.     The  difference  between  the  two  systems  lies  in  the  methods  of 
handling  excess  fuel  oil.     This  is  accomplished  in  this  system  by   the  addition  of  a  fuel 
oil  return  line.     Figure  4-5  shows  a  diagram  of  this  system.     Extreme  care  must  be 
exercised  when  operating  a  system  of  this  type,   since  failure  of  the  return  pump  may 
cause  the  burner  to  flood  and  cause  a  pool  of  oil  in  the  combustion  chamber. 


Figure  4-5.     A  Double-Pipe  Gravity-Feed  Forced  Return  Oil  Supply  System 
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^^-K^?^"^^^*^"'^*^^?*  Forced-Feed,  Gravity  Return  Oil  Supply  System.  This  type  svs 
?T^n^«^i^«^  ""^kP  ^?"^^        central  heating  plants.     A  diagram  of  Jt^fs  sh 

K»!"I!  kT^:  similar  to  a  two-pipe  system.     The  fuel  oil   Is  fore 


burner  by  a  pump,  and  the  excess  oil  i 


tern  is 
hown   I n 

-  ced  to  the 

returned  to  the  storage  tank  by  gravity. 


I  1/4"  VENT  INSTALLED  IN  ACCORDANCE 
WITH  REGULATIONS 


SUCTION  AND  RETURN  LINE  3/8"OD        SLOPE  ALL  PIPES 
COPPER  TUBING  RUN  TO  OPPOSITE  DOWNWARD  TOWARD  TANK 

ENDS  OF  TANK 


DOUBLE  ELBOW  SWING  JOINT  TO 
RELIEVE  PIPE  STRAIN 


UNDERWRITERS  APPROVED  !» 

TANK  « 


^  FOR  MINIMUM 
DISTANCE  SEE 
UNDERWRITERS  OR 
LOCAL  REGULATIONS 


APPROX 


"^n^  f 

SET  TANK  2"0R  3"  LOWER  ON  FILL  END 


Figure  4-6.     A  Double-Pipe  Forced-Feed  Gravity  Return  OH  Supply  System 

«i-  1  MAINTENANCE  OF  FUEL  OIL  PIPING  SYSTEMS.      Inspect  oil  piping  syatems 

at  least  dally.     Look  for  any  Indication  of  leaks  at  all  pipe  Joints  such  as  elbows 
rurpl?nrs?4/sio^?d  ?r';epo';?ed"?"^"'^^  conditions  or  evlde^nc^e  ^f  .busJ"S  ?H%nSeToll 

MAINTENANCE  OP  OIL  PIPING  SYSTEM.     Make  repairs  or  replacements  as  Indicated  bv 
inspection.     Replace  gaskets  and  packing  if  necessary.     P^lnt  plp?ng  lo  protect  L^Jnst 
exterior  corrosion  and  replace  damaged  Insulation  as  required.^  ReJSlr  o?  JepJace 
2nT?!h?/i^J.?^'.^''^^^"i/^"«^^^'  s"PP°^*8.  etc.     Protect  undergroSnd  p?pl^g  w??h 
pjjo  aJJaf      ^  coatings  and  provide  good  groundwater  dralnlge  form  t/ie^^ierground 

»ni„o«*V!f?oii^U®?*'  condition  and  operation  of  valves.     Manual  valves  are  normally  gate 
^?lven"f'Siirfli:  Tut  tlTrLllr  ^^'^^^  ^'■^  ^"  return\faes 
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STHAINEUS.     Strainers  are  used   La  piping 
.systems  to  remove  foreign  material  from  the 
fluid  before  it  passes  into  equipment.  Loose 
dirt,   rust,   scale  or  other  foreign  material 
can  cause  malfunctions  and  costly  damage  if 
thoy  enter  vital  equipment.     The  strainer 
screen  is  usually  made  of  thin-sheet  bronze, 
monel ,   or  stainless  steel.      In  some  strainer 
designs,    the  screen  or  basket  is  removed  for 
cleaning;   in  others,   the  strainer  has  a  valve 
to  blow  out  foreign  material .     Always  clean 
strainers  when  there  is  a  pressure  drop 
through  them. 

Figure  4-7  illustrates  the  kind  o2  pipe- 
line strainer  normally  used.     A  typical  duplex 
fuel  oil  strainer  is  shown   in   figure  4-8. 


Figure  4-7. 


Pipeline  Strainer 


This  unit  has  two  strainers  in  one  body.      It   is  constructed   In  suc'h  a  manner  that 
the  flow  of    fuel  can  be  directed   through  either  of   the  strainers  by  the  use  of   the  hand 
lever.      In  this  way,   one  strainer  can  be  cleaned  while  the  other  is  In  use. 


Figure  4-8.      A  Duplex  Fuel  Oil  Strainer 


PUMPS.     The  fuel  pump  used  to  pump  fuel  oil   is  a  rotary  positive  displacement  pump. 
They  discharge  a  definite  quantity  of   liquid   for  each  revolution  of  the  shaft.      They  use 
rotating  cams,   screws,   lobes,    sliding  vanes  or  gears   to   impart  pressure  to  the  liquid. 
Two  commonly  u«ed  ones  are  the  rotary  screw  and   rotary  v^i^ar. 

ROTARY  SCREW.     A  rotary  screw  pump  is  a  positive  displacement  pump  that  will 
discharge  a  definite  quantity  of   liquid  for  each  revolution  of  the  shaft.     This  is  done 
by  placing  a  set  of  screw  type  gears  together.     Figure  4-9.     As  the  power  rotor  turns  it 
causes  the  idler  rotors  to  turn  also,   but  in  the  opposite  direction.     By  the  screws 
meshing  together  a  suction  is  created  causing  oil  to  enter   the  pump.     The  oil   is  then 
drawn  between  the  screws  and  forced  to  the  center  of  the  pump  where  it  is  discharged. 


EKLC 


4-9  348 


Figure  4-9.     Rotary  Screw  Pump 


m^nt  nnlt^^  ^^^^^  f  '"''^^'^i^  ^""^^  ^^^^  ^^^^^^  ^^^^'^  ^l^o  a  positive  displace- 
with  ^  moving  parts  consist  of  two  eears  whinh  rotnt^^o  i«  ^r.»>^^^.^  ^^^^^^.^i  

the 

is  even  and  without  pulsations.     Figure  4-10. 


Figure  4-10.     Ex*    -aal  Gear,  Power  Rotary  Pump  with  Cover  Removed 
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Rotary  Pump  Installation,  Operation  and  Maintenance 


INSTALLATION.      In  all  in      illations,   the  pump,   the  driver  and   the  controls  must  be 
readily  accessible  for  regular  maintenance  and  repairs.     Pump  suction  and  discharge 
pipiag  connections  are  not  ne  essarily  of  the  same  size  as  the  system  leading  to  or  from 
the  pump.     Changes  in  the  sy-    em  to  fit  the  pump  connections  should  be  as  close  to  the 
pump  as  possible.      If  a  reduoor  Is  used  in  the  section  piping,   it  should  be   tapered  with 
the  top  flat  to  avoid  a  air  pocket.     Suction  and  discharge  piping  must  be  supported  so 
that  no  strain  is  transmitted  to  the  pump.     Normally,   the  pumps  are  assembled  at  the 
factory  and  they  come  properly  aligned.     However,   all  base  plates  are  flexible  to  some 
degree,   and  each  pump,    regardless  of   type,  must  be  realigned  after   Installation  in 
accordance  with   the  manuf  a<'.  turer  '  a  specifications.      A I  I  k^iiiTnin  t  can   Ixj  ma  lu  tii  I  niMi  wIumi  t.htr 
base  plate  has  been  properly  bolted  to  it.      It  is  common  practice   for  the  manufacturers 
to  include  a  pumping  system     trouble  analysis  guide  for  you  to  follow  in  installing  and 
operting  the  various  types  of  pumps. 

OPERATION.     Before  operating  a  rotary  pump  insure  the  following. 

(1)  Rotary  pumps  depend  upon  clearances  for  ef f i    Lency.      Keep  grit  or  oDier 
abrasive  material  out  of  the  liquid  being  pumped  to  prevent  excessive  wear  and  rapid 
loss  of  efficiency. 

(2)  Always  start  the  pump  with  both  suction  and  discharge  valves  open  to  prevent 
overload  of  motor  and  damage  to  the  pump. 

(3)  A  pressure  relief  valve  which  discharges  back  to  the  suction  side  of  the  pump 
is  usually  provided  on  the  outlet  piping.     Adjust  this  valve  for  a  relief  pressure  which 
will  not  overload  the  motor.     Make  sure  the  valve  seats  properly,   otherwise   loss  of 
efficiency  results. 


DAILY.     The  daily  inspection  and  maintenance  requirements  for  a  rotary  pump  include 
checking  for  abnormal  vibration  and  noise,   abnormal  pressure  and  flow  conditions, 
excessive  or  inadequate  packing  leakage  (water-cooled  bearing),   hot  bearings  and  hot 
stuffing  box.     Discrepancies  found  during  this  daily  inspection  will  dictate  the 
maintenance  requirements. 

MONTHLY.     A  monthly  inspectior     -^uld   include  a  repeat  of   the  daily  inspection.  In 
addition,  examine  the  external  gear  -^nd  bearing  housings  for  correct   lubricant   level  and 
condi  tion. 

ANNUALLY.     At   least  once  a  year  dismantle  the  pump  and  inspect    for  excessive 
clearances,   improper  timing  gear  setting,   corrosion,   erosion,   wear  or  other  dt^fects  of 
parts,    incorrect  alignment   (hot  and  cold),,    transmission  oC  stralnK   lr<jm  piping   to  pump, 
defective  gear  teeth,   improper  operation  and  setting  of  relief  valve  valve  (if 
equipped),  defective  suction  and  discharge  valves,   improper  calibration  of  pressure 
gauges,   thermometers  and  flow  meters,   and  defective  strainers. 

Maintenance  Requirements.     Repair  or  replace  all  dof«i'-tlve  parts   found  during  Dm 
yearly  inspection.     When  installing  new  timing  gears,   be  sure  to  follow  the 
manufacturer's  instructions  for  installation,   adjustment,  and  kjy  slotting.  When 
internal  clearances  increase  above  the  permissible  limits,   the  capability  and  efficiency 
of  the  pump  decreases.     Replace  work  shaft  sleeves  or  have  them  rebuilt  by  metalizing. 


Although  accidents  due  to  unguarded  machinery  occur  less  frequently  than  those  with 
moving  machine  parts,   they  are  generally  severe  and  often  result  in  permanent  disability 
of  the  operator.     Improved  machine  design,  or  the  installation  of  mechanical  safeguards, 
removes  from  the  operator  much  of  the  dependence  for  safety.     Two  principles  of  machine 
guarding,  which  includes  all  equipment  from  the  prime  movr  to  but  (excluding  the  point  f)f 
operation;  and  poin t-of-operation  guarding,   the  area  where  the  actual  work  of  the 
machine  takes  place.     Applicable  standards  prescribed  herein  or  as  outlined  by 
industrial  practices  will  be  consulted  for  detailed  information  on  the  use  of  machine 
guards • 


MAINTKNANCE 


SAFETY  PROCEDURES  WHEN  OPERATING  MECHANICAL  EQUIPMENT 
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When  machinery  and  powered  transmission  equipment  are  not  guarded  as  part  of  their 
design,  suitable  mechanical  guards  such  as  enclosures  or  barricades  will  bo  temDorarllv 
or  permanently  Installed   to  eliminate   the  possibility  of   Injury  resulting   from  Contact 
with  moving  parts  or  hazardous  substances. 

Machine  controls  will  be  conveniently  located  for  the  operator.     in  the  use  of  all 
conveyor  systems,  stop  switches  will  be  Installed  at  Intervals  not  exceeding  loO  feet 


4*.  ^r°P®'  clothing,   such  as  explained  on  day-one,   unit-one,   will  be  worn  and  be  In 
o".,l  imint^^''^  condition  when  personnel  are  working  around  any  type  of  mechanical 


SUMUARY 


Crude  oil  that  comes  out  of  the  ground  Is  broken  down  to  different  typos  of  fuels. 
The  oil  that  we  use  Is  classified  as  either  distillates  or  residuals.     Distillates  are 
the  lighter  oil  and  generally  do  not  need  to  be  heated  to  be  burned.     The  oil  that  falls 
Into  this  category  are  Grades  1  and  2.  taiis 

The  remaining  oil   left  over  after  the  distillation  process  are  called  residuals. 
Because  they  are  the  "bottom"  oils  they  are  much  heavier  than  the  lighter  or  distillate 
oils.     Since  they  are  heavier  they  generally  must  tc  heated  so  that  they  can  be 
transported  and  burned.     The  oils  that  fall  into  tuia  category  are  Grades  4,   5,  and  6. 

Since  large  amounts  of  oil  are  necessary,   storage  tanks  must  be  available  to  hold 
this  oil.     These  tanks  can  be  either  aboveground  or  belowground.     Each  of  these  tanks 
must  have  a  fill  pipe  and  a  vent  pipe  to  allow  the  tank  to  be  filled. 

On   rar,!  <H:ouHlonH  iiorsonnol   .nay  havo   to  ontor  u  Htorugo   tank   for  oloRnlnu:  ..r  for 
maintenance.     Whenever  entering  a  tank  be  sure  to  follow  the  necessary  safety 
precautions  to  eliminate  the  possibility  of  an  explosion. 

In  order  to  transfer  the  oil  from  the  storage  tank  to  the  burner  different  typos  of 
piping  systems  have  bee  designed.  Depending  on  the  location  of  the  storage  tank  and  the 
type  of  system,  oil  can  be  transferred  to  the  burner  by  gravity  or  by  pump. 


be  made  for  repair  or  replacement  of  the  defective  part 


QUESTIONS 

I.     What  aro  tho   two  major  r.lassl  f  ications  of  fuel  oils? 


2.     What  does  the  term  "viscosity"  mean? 
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3.     What  are  the  components  of  fuel  oil  storage  tanks  and  what  is  the  purpose  of  each? 


4.     What  is  the  maximum  amount  that  a  fuel  oil  tank  should  be  filled? 


5.     What  type  of  oil  piping  system  will  flood  the  combustion  chamber  if  the  return  nump 
falls? 


6.     What  type  of  pumps  ire  used  to  pump  fuel  oil? 


REFERENCE 

AFM  85-12,   Volume  1,   Operation  and  Maintenance  of  Central  Heating  Plants  and 
Distribution  Systems 
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SECTION  II 
DOMESTIC  AND   INDUSTRIAL  OIL  BURNERS 

OBJECTIVE 


,11  buJne'r?*^^*'*^''^         '^^'^  ^^''"'^  ^"^"^^         *°  Identify  the  procedures  for  maintaining  an 


INTRODUCTION 


.,„i-i/i^J°K^*'  '"^i  ^  mixture  of  hydrocarbons  In  a  liquid   state,    it  will  not  burn 

«nJ  iiifL^ri^  prepared  It  for  combustion.     In  addition  to  correctly  proportioning 

and  mixing  the  fuel  and  air,   the  burner  must  vaporize  or  gasify  the  fuel  oil. 

u     *  light  fuel  oils,  vaporization  can  be  accomplished  by  direct  application  of 

heat.     The  heavier  and  less  volatile  oils,   however,  must  be  atomozed  before  they  caa  be 
vaporized.     Since  the  lighter  fuels  are  not  widely'used  in  central  healing  PlanL?  we 
will  discuss  only  burners  that  utilize  the  automization  process  in  fuel  preparation. 

Oil  burners  may  be  classified  according  to  the  type  of  fuel  oil  each  burner 
consumes  as  well  as  the  type  of  heating  system  it  serves.     According  to  this  classifi- 

rtn,^i=?iV°lio5rS^'''**  ^^Zt'^^'^  groups,   those  used   in  conjunction  with 

domestic  heating  systems  and  those  usee  in  industrial  heating  systems. 

INFORMATION 

THEORY  OP  CONSTRUCTION 

Oil  burners  and  equipment  for  industrial  use  are  usually  designed  to  burn  lower- 
cost,  heavy  fuel  oils  such  as  Grade  Nos .   4.   5  and  6.     The  viscosity  of  these  oils  is 
reaSl-erJ^r  ^Jt^^J''^^  °*  ^O'"^^*^^  B^^^es.     For  this  reason,   the  equ?pmlnt 

m«2h  tn  H^ml  «f*^«factory  storage,  pumping  and  combustion  differs  considerably  from  that 
used  in  domestic  oil-burning  systems. 

for  a?iilzlnrth«*oT/"'^IJK*''^^^  use  are  usually  classified  according  to  the  method  used 
the  oil       There  are  three  types  of  Industrial  oil  burners  used  by  the  Air 
Force.     These  are.     atomizing  oil  burners,   mechanical  oil  burners  and  horizontal  rotary 


PRINCIPLES  OF  OPERATION 

ATOMIZING  OIL  UURNEKS.     Atomlvilng  oil   burners  use  either  Bteam  or  air  an  the 
operating  medium.     Steam  is  the  most  common  of  any  of  the  nonmechanical   types  of  oil 
Gradrnumh«J«''!**"^''®  ^  minimum  amount  of  equipment.     They  handle  commercial  oil 

Grade  numbers  4.   5.   and  6.   and  require  a  steam  pressure  varying  from  50  to  125  psig. 
When  the  burner  is  operating,   it  maintains  a  pressure  differential  between  the  steam  and 
oil  pressure  of  about  20  to  25  psig.  ^.-uw^c.i   u.n.  ai.i.u.ui  una 


1^1^  consist  of  a  properly  formed  Jet-mixing  nozzle  to  which  oil  and  steam  or  air 


by 
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Figure  4-11.     Fuel  Oil  Steam  Atomizing  Burner 


Mechanical  Oil  Burners 

Mechanical   burners  use  oil   pressure,  and  especially  designed  nozzles   to  atomi^.c*  the 
fuel.      Atomization  results  when  oil  under  high  pressure   (100-225  psig)   passes   through  a 
small  orifice  and  emerges  as  a  conical  mist.     The  orifice  that  atomizes  the  fuel  is 
often  aided  by  a  slotted  disk  that  whirls  the  oil  before  it  enters  the  nozzle.     Air  for 
combustion  is  supplied  in  a  manner  similar  to  that  used   for  steam  atomizing  oil  burners. 
Heat  output  is  also  varied  as  in  stoam  atomizers.       Figure  4-12  illustrates  a 
longitudinal  section  of  a  mechanical  atomizing  burner  and  detailed  sections  of  the 
nozzle  body  and  sprayer  plate. 
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OIL  SLOT 
-ORIFICE- 


WHIRLING  CHAMBEI 

SPRAYER  PLATE 
(PART  5) 

THIS  KACE  SEATS  HERE 


DISTRSBUTION 
ANNULUS 


1  COUPLING  a  YOKE 

2  EXTENSION  PIECE 

3  BURNER  NOZZLE 
BODY 

4  END  CAP 


5  SPRAYER  PLATE 

6  DISTANCE  PIECE 


7  COUPLING 
6  GASKET 

9  COUPLING  YOKE  SCREW 


NOZZLE  BODY 
(  PART   3  ) 


Figure  4-12.     Fuel  Oil  Mechanical  Burner 


NOZZLE  PROTECTOR 


AIR  INLET  HOUSING 


PRIMARY  AIR  BUTTERFLY 


Figura 


orizonUl  roUry  oil  bunm. 


Figure  4-13.     Horizontal  Rotary  Oil  Burner 
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Horizontal  Rotary  Burner 

The  rotary  burner  (figure  4-13)  compares  favorably  with  the  pressure-atomizing 
burner  in  the  following  respects.     There  are  no  small  orifices  to  plug  up,  oil  can  be 
used  at  a  lower  temperature,   and  any  of   the  rotary  burners  have  wider  ranges  of  fuel 
burning  capacity  than  high-pressure  gun-type  burners. 


FUEL-TUBE  TIP 
(STATIONARY)  - 

ATOMIZING  CUP 


PROTECTOR 


Figure  4-14.      Horizontal   Rotary  Burner 


OPERATION.      The  rotary-type  burner  has  three  main  parts:      rotating  atomizing  cup, 
stationary  fuel   tube  and   fan.      Illustrated  in  figure  4-14  are  these  and  other  parts  of 
the  horizontal   rotary  burner.     The  atomizing  cup  and   fan  are  driven  at  the  same  speed  by 
a  director.     Oil  is  fed  through  the  stationary  tube  to  the  inner  surface  of  the 
atomizing  cup.      It  spreads  over  the  surface  of  the  cup,  which  is  turning  at  a  speed  c'' 
3450  or  4000  RPM  (depending  on  whether  it  is  motor-  or  turbine-driven),    flows  to  the 
edge  of  the  cup,   and   is  then  thrown  off.      The  rotating  cup  imparts  a  whirling  motion  to 
the  oil  as  it  travels  to  the  edge,   and  the  resulting  centrifugal   force  separates  the  oil 
into  fine  particles  as  it  leaves  the  cup.     Primary  air  supplied  by  the  fan  is  introduced 
around  the  outer  edge  of  the  rotating  cup  and  give  a  whirling  motion  in  the  direction 
opposite  to  that  of   the  oil.     The  streams  of  air  and  oil  collide  and  aro  thoroughly 
nfiixed.     The  primary  air  which  the  fan  supplies  is  only  part  of  tho  air  roquLred  for 
combustion  in  a  burner  operating  at  full  capacity*     The  air  suppllerl  by   the   fan  can  be 
regulated  by  a  damper  located  on  the  suction  side.     The  damper  is  usually  controlled 
along  with  the  oil   supply  by  automatic  or  manual  controls.     The  shape  of  the  flame  is 
determined  by  the  nozzle  through  which  the  air  is  discharged.     The  remaining  or 
secondary  air  required  to  complete  combustion  is  supplied   through  openings  in  the  floor 
directly  below  the  burner,   or  through  passages  in  the  wall  around   the  burner. 

Most  rotary  burners  are  manufactured  differently,   so  the  parts  of  one  manufac- 
turer's burner  cannot  be  interchanged  with  another.     Therefore,    the  manufacturer's 
instructions  for  operating  and  maintenance  must  be  studied  carefully  before  an  operator 
attempts  to  operate  a  rotary  burner. 
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Complete  installation,  operation,  troubleshooting  and  pr 
procedures  for  industrial  oil  burners  should  be  procured  from 
oil  burner. 


eventlve  maintenance 
the  manufacturer  of  the 


Type  of  Domestic  Burner  and  Components 

Ae  was  stated  previously,  oil  burners  are  classified  according  to  the  type  of  fuel 
.^t  domestic  oil  burners  burn  fuel  oil  grade  numbers  1  and   2       These  are  vJ,a? 
^h^%'ii!^y^^^^^  ^^^^  ^^^^^  on^flred  domestlc-heatlnrunns^?r 

Uses  of  the  Gun-TypQ  Oil  Burner 

High-pressure  atomizing  burners  vaporize,  atomize,  and  deliver  a  Dredetermi n^d 
quantity  of  oil  and  air  to  the  combustion  chamber  where  the  mixture  L  burned  ?hese 
^  L^""^""^  operate  automatically  and  maintain  a  desired  temperature       The  oli  slTtll  of 

atomizing  burner  consists  of  a  gear  pump,   a  pressSre-regulatlng  valve  a 
shutoff  valve,  and  an  atomizing  nozzle.     The  air  system  consists  of  a  poJIr-Srlven  fan 
LtZl^t        throttle  the  air  inlet,  an  air  tube  which  surrounds  tSe  SozSTraJS  etecJJSde 
assembly,  and  vanes  to  mix  the  air  and  oil  properly.     Both  the  fan  and  oil  oumo  ar^ 

J^releLrndor'^^  f'^^^'n^  '°  '^'^  Electric  Ignition  L  aJmos?  universal"  used. 

The  electrodes  are  located  near  the  nozzle.     (See  figure  4-15)  «r»«iiiy  uaca . 


1. 

OIL  LIME  TO  ATOMIZINa  NOZaE 

8. 

AIR  AOJUSTMEMT 

2. 

ELECTRODE 

9. 

FAR 

3. 

DEFLECTOR  CONE 

10. 

PUHP 

4. 

ATOMIZINO  ROZZLE 

XI. 

PRESSURE  RE6ULAT0R  VALVE 

5. 

DEFLECTOR  ILADC8 

12. 

MOTOR 

6. 

BLAST  TURE  ASSEMBLY 

13. 

lONITION  TRANSFORMER 

7. 

OIL  LIME  FROM  PUMP  TO  FUEL  TUBE 

14. 

ADJUSTABLE  LEO 

Figure  4-15.     Typical  High-Pressure  Gun-Type  Burner 


The  gun-type  burner  is  used  primarily  in  hot  water  heaters,   warm  air  furnace^? 
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Components  of  the  Gun-Type  Oil  Burner 


BURNER  MOTOR.     The  electric  motor  drives  the  fan  and   fuel  pu/np.      Usually  It  is  a 
specially  designed  split-phase  type  that  Is  an   Integral  part  of  the  burner.  These 
motors  need  very  little  maintenance,   since  they  only  require  oiling  about  twice  per 
year.     About   5  to  6  drops  are  sufficient.     Some   important   factors  to  remember  when 
replacing  the  motor  Is  that  the  revolutions  per  minute,   rotation  and  mounting  must  be 
the  same  as  for  the  motor  being  replaced.     (See  figure  4-16) 


END  BELL  BOLTS 


Figure  4-16.     Cutaway  View  of  an  Electric  Motor 


FAN.     The  fan  wheel   (figure  4-17  within   the  burner  fan  housing  is  driven  directly 
from  the  motor  shaft,   and   It  provides  the  necessary  air  to  support  combustion.     This  fan 
wheel  Is  of  multi-blade  design  and  is  capable  of  furnishing  an  adequate  air  supply  to 
the  blast  tube.     The  volume  of  air  handled  by  the  fan  is  readily  controlled  by  an 
adjustable  air  shutter  located  on  the  housing  which  controls  the  air  Intake  to  the 
burner  * 


FUEL  PUMP.     The  fuel  pump  for  the  gun-type  burner  Is  a  rotary  positive  displacement 
gear  pump.     The  pump  shaft  is  connected  to  the  burner  motor,   which  drives  the  pump,  by  a 
flexible  coupling.     The  flexible  coupling  is  used  to  absorb  the  shock  when  the  burner 
motor  starts  up. 

^t^^l^Z^t^^^  The  single-stage  fuel  unit  (figure  4-18)  has  one  pumping 

unit  which  takes  oil  fed  by  gravity  into  the  unit  and  applies  pressure  to  force  fuel 
through  the  nozzle.     This  single-stage  unit  is.   therefore,  best  adapted  where  an 
elevated  tank  is  used,   so  that  oil  is  fed  by  gravity  to  the  burner.     Although  the 
single-stage  pump  can  be  used  for  overhead  piping  installations,   if  necessary,   there  is 
some  danger  of  pump  noise.     The  two-stage  pump  is,   therefore,   recommended  for  such  an 
installation . 

Two-Stage  Fuel  Units.     The  two-stage  fuel  unit  (figure  4-19)  usually  looks  exactly 
like  the  single-phase  unit,  but  it  contains  two  complete  pumping  units.     One  pump  sucks 
oil  from  the  tank  to  the  unit  and  then  delivers  the  oil  to  tho  second     pump,  which 
applies  the  pressure  required  at  the  nozzle.     This  two-stage  unit  is  recommeided   tor  use 
with  all  outside  underground  tank  installations  and  for  inside  tanks  connected  to  the 
burner  through  overhead  piping.     Normally,  you  use  a  two-pipe  system  with  a  two-stage 
fuel  unit.     An  adjusting  screw  on  the  pressure-regulating  valve  enables  the  operator  to 
vary  the  pressure  from  80  to  140  psi. 


Figure  4-18.     A  Single-stage  Fuel  Unit 
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NOTE:     Changing  the  pump  pressure  will  effect  the  gallons  per  hour   (GPH)  of  the 
nozzle*     Example:     More  pressure,  more  oil;   less  pressure,    less  oil. 

In  the  case  of  a  hum  in  the  fuel  tank,   check  the  fuel  pump  for  the  anti-hum 
diaphragm.     If  it  is  broken  or  missing,   replace  it. 

BLAST  TUBE.     The  blast  tube  directs  the  air  from  the  fan  to  the  deflector  vanes. 
The  deflector  vanes,    in  turn,   swirl  the  air  to  help  promote  combustion.     The  blast  tube 
also  houses  the  fuel   tube,   electrode  assembly,   and  nozzle  assembly.      Inside  the  blast 
tube,   there  is  a  status  disk  or  stabilizer,   which  holds  the  fuel   tube  and  electrode 
assembly  in  place. 

NOZZLE  ASSEMBLY.     The  nozzle  assembly  Includes  a  nozzle  adapter  which  is  screwed 
onto  the  fuel   tube  and  a  nozzle  which  is  screwed  into  the  nozzle  adapter.     There  is  also 
a  small  strainer  that  is  screwed  onto  the  nozzle.     This  strainer  catches  any  small 
impurities  before  they  reach  the  nozzle  orifice. 

The  nozzle  on  a  gun-type  oil  burner  is  rated  in  gallons  per  hour   (GPH).      It  has 
four  separate  functions: 

— Governs  the  amount  of   fuel  burned--this  will  depend  on  the  size  oC   the  furnace  or 
boiler.      (Rated  at   100  psig  from  pump.) 

— Governs  the  angle  of  spray--this  depends  on  the  size  of  the  combustion  chamber  or 
firebox. 

NOTE:     The  angle  of  spray  and  gallons  per  hour  or  capacity  of   the  nozzle  will 
always  be  stamped  on  the  outside  of  the  nozzle. 

— Detects  the  flow  of  the  oil   into  a  swirling  motion,   which,    in  turn,   atomizes  it. 

— Determines  the  type  of  spray — thi::  means  the  spray  pattern  and  also  the  density 
of  the  spray  pattern.     The  type  of  spray  could  be  extra  solid,   semisolid,  hollow 
and  extra  hollow. 

ELECTRODE  ASSEMBLY.     The  electrode  assembly   (figure  4-20)   includes  two  separate 
electrodes  which  are  partially  covered  by  glazed  porcelain  insulators.     A  supporting 
clamp,   which  may  be  called  a  static  disk  or  stabilizer,   holds  the  electrodes  firmly 
together  along  with  the  fuel   tube  inside   the  blast  tube.     The  electrodes  are  used  as 
igniters  to  light  the  fuel-oil   from  the  burner- 


Figure  4-20.     Details  of  Electrode  Assembly 


The  electrodes  must  be  adjusted  properly  in  order  to  work.  They  must  be  1/8"  to 
3/16'*  apart;  1/8"  ahead  of  the  noz:le;  1/2"  above  the  center  of  zhe  nozzle;  and  there 
should  be  a  distance  of  5/3"  from  the  nozzle  to  the  end  of  the  blast  tube. 
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Tn*-oJl'f.-*''^?°*''°^^  ignition  system  may  be  either  an  intermittent  or  constant  lenltlon 
Intermittent  would  be  when  the  electrodes  arc  and  ienite  the  fn*»l-oii  -nH 

A  constant  ignition  would  arc  as  long  as  tSe  bSSnei'^SjJor        Jplia?iJg^"%Je  type  o? 

ignition  system  will  be  determined  by  the  type  of  primary  control.  ^ 

IGNITION  TRANSFORMER.     The  ignition  transformer  (figure  4-21)  is  located  on  the 
burner  housing.     it  is  plac  i  in  different  locations  on  different  tvoes  of  oil  hnnn^rc 
The  purpose  of  the  ignitio     transformer  is  to  provide  ?he  necessary  ?o?taL  ii*.S^d  ?n 
Jump  the  gap  between  the  electrodes  (10.000  volts).     tSI  Srea?ls  ^  spaJk^whSch  fgnt?es 
the  oil  spray  coming  out  the  nozzle.     In  case  of  failure,  other  than  broken  llads  the 
transformer  must  be  replaced  iwth  a  new  or  rebuilt  unit  having  iJeSJicIfSouJlJjg'hoJos. 


nov 


Figure  4-21*     An  Ignition  Transformer 


Removl ng,   Disassembling  and  Instal ling 

Complete  removal,  disassembling  and  Installation  procedures  for  the  cun-tvoe  oil 
burner  should  be  procured   from  the  manufacturer  of  the  oil  burner. 


Inspecting,  Cleaning,   Adjusting  and 
Operating  the  Gun-Type  Oil  Burner 

Starting  the  Burner 

inoi-ofJ^?'  wiring  is  properly  checked,  and  the  fuel  system  is  connected  after  the 

i^f^^i  t^J??^"^^  burner  and  its  operating  controls.     Then,   it  is  the 

responsibility  of  the  heating  specialist  to  accomplish  the  operational  functions 
s?S?[ir?L'S:rJer:^"""""-  following  Job  plL  should  bS  followed  JS^f  J^^are 

— Partially  close  the  air  shutter. 

— Install  the  pressure  gauge  and  petcock  in  the  vent  outlet. 
— ^Make  sure  that  the  primary  control  has  been  reset. 

—Set  the  thermostat  above  room  temperature,   check  the  limit  switch  and  close  the 
Durner  switch. 

—Open  the  petcock  to  purge  air  from  the  system.     Close  It  when  clear  oil  flows 
from  it.     Set  the  oil  pump  pressure  regulator  to  maintain  100  psig. 
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-  If  the  burner  stops  before  oil  reaches  the  nozzle »   allow  the  safety  element  in 
stack  control  to  cool  before  pushing  the  reset  button  to  restart  it.     Do  not  hold 
the  relay  in>  because  the  safety  element  will  overheat. 


-  Open  the  air  adjustment  slowly  until  the  fire  is  perfectly  clean. 


-  Set  the  draft  for  0.02-  to  0.04-inch  water  gauge  over  fire. 
0.04  to  0.06  inch  at  the  flue. 


This  usually  provides 


-  Make  the   final  air  adjustment  after  the  burner  lias  t)<!en  operating   li>ng  iMKMigh  to 
warm  the  combustion  chamber.     Look  through  the  balanced  smoke  pipe  damper »   using  a 
drop  light.     Turn  down  the  air  supply  to  the  burner  until  smoke  is  seen  passing 
through  the  light  beam  In  the  smoke  pipe.     Then,   open  the  air  adjustment  until  the 
smoke  disappears.     Check  this  approximate  setting  with  an  Orsat  adjusted   to  10 
percent  CO2.     After  two  or  three  weeks  of  operation,   recheck  the  adjustment  to 
see  that  the  draft  and  percent  CO2  are  satisfactory. 


-  If  oil  shoots 
difficulty  or 
relief  door  i 
mi  sf ire .  Shu 
operation  and 
soaked  brick 
has  burned  ou 
excess  oil  mu 
stand  to  one 

Troubleshooting 


into  the  fire 
other  cause 
6  open.  The  c 
t  off  the  burn 
is  igniting  t 
wi  1 1  make  the 
t .  Never  ref i 
st  be  removed 
side  of  the  re 


box  at  first  without  igniting,   because  of  ignition 
the  oil  will  soak  into  the  soft  brick.     Be  sure  that  the 
ombustion  chamber  must  be  properly  ventilated  upon  any 
er  after  a  misfire  when  the  burner  is  placed  in 
he  oil  that  is  in  the  combustion  chamber.     The  oil- 
burner  rumble  and  puff  for  a  few  minutes,   until   the  oil 
re  a  burner  when  the  combustion  chamber  is  flooded  ;  the 
before  firing  again.      Always  guard  against  a  backfire; 
lief  or  f iri ng  door  when  you  are  starti ng  a  burner . 


The  following  information  has  been  prepared  to  help  the  heating  specialist  locate 
and  correct  troubles  which  occur  in  oil  burners.  Common  troubles  and  the  checks  which 
are  made  to  correct  them  are  listed  as  follows: 


TROUBLE 


CAUSE 


REMEDY 


Oil  Failure 


Oil  storage  tank  empty. 
Nozzle  clogged. 


Refill. 

Remove  the  burner  assembly. 
Clean  or  replace  the  nozzle. 


Strainer  clogged 


Clean  the  line  strainer,  the 
fuel  unit  strainer,   and/or  the 
nozzle  strainer. 


Internal  bypass  plug  may  not 
be  in  place  whrn  instal ling 
the  burner  with  a  return   line , 


Install  the  bypass  plug, 


Restriction  in  suction   line , 
other  than  clogged   strainers . 


Use  a  vacuum  gauge  to  check  the 
the  line  back  to  the  tank.  Use 
a  bicycle  pump,  attached  to  the 
burner  end  of  the  line,  to  blow 
back  any  obstructions  in  the 
line. 


Vacuum  leak  in  the  suction  line. 


Locate  and  repair  the  leak.  In 
extreme  cases  (restriction  or 
vacuum  leak  in  the  suction  line) 
it  may  be  necessary  to  run  a  new 
suction   li  ne. 


Leaky  pump  shaft  seal . 


Replace  the  seal . 
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TROUBLE 


CAUSE 


REMEDY 


Motor  Failure 


Bypass  plug  Installed  In  fuel 
unit  when  used  with  single-pipe 
system,   thereby  building  up 
excessive  pressure  and  stalling 
the  motor.     May  blow  the  fuses. 

Motor  starting  switch  dirty  or 
sticking. 


Motor  condenser  is  burned  out . 


Motor  is  shorted  or  burned  out. 


Remove  the  bypass  plug.  Check 
the  fuel  unit  and  the  motor  for 
possible  damage. 


Remove  the  motor  end  bell  and 
examine  the  switch  assembly.  If 
the  remedy  is  not  obvious,  r<=>- 
place  the  switch  assembly  or 
change  the  motor. 

Short  out  the  condenser.      if  the 
motor  runs,   replace  the  conden-- 
ser. 

Replace  the  motor  with  ono  of 
same  rotation . 


Ignition  Failure 


Transformer  terminals  are  not 
connected • 

Electrodes  are  not  set  properly < 

Carbon  on  the  electrodes. 

Weak  transformer. 

Electrodes  are  cracked  or 
grounded • 


Connect  and  properly  tighten  the 
terminals • 

Adjust  the  setting. 

Clean  and  check  the  setting. 

Replace  transformer . 

Replace  the  electrodes  and  ad- 
Just  the  setting. 


Faulty  Control 
Operation 

Stack  control  helix 
sooted » 

is  badly 

Remove  the  control  and  clean  the 
helix  with  a  small  brush. 

Stack  temperature  is 
because  the  fire  is 
for  the  heating  load 

too  low 
too  small 

Increase  the  GPH  and  adjust  the 
fire  for  boiler  size. 

Too  frequent  eye  1 ing 
thermos  til  t . 

of  the 

Adjust  thermostat  for  longer 
running  cycles.     Check  wiring  tn 
thermostat  heat  anticipator. 

Irregular  Stack 
Temperature 


Change  In  draft. 


Dowr.draft  caused  by  obstruction 
such  as  trees  or  insufficient 
chimney  height. 

Bad  draft  due  to   leaks  in  the 
chimney. 

Fluctuating  flame. 


Install  the  draft  regulator. 

Remove  the  obstruction. 
Increase  the  chimney  height  or 
install  an  H-hood . 

Other  openings  should  be 
closed • 

Check  burner  operation .  Nozzle 
may  be  partially  clogged  or 
there  may  be  water  in  the  oil. 
Fuel  unit  pressure  may  be  set 
too  low  so  that  the  oil  delivery 
is  not  uniform. 
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TROUBLE 


CAUSE 


RfiMFlDY 


No  Electric  Current     Fuse  Blown, 
to  Burner  Circuit 

Difficulty  with  the  power 
source . 

Break  In  the  wiring  or  bad 
connection . 

Defective  controls . 


Replace  the  fuse,  and  lietormine 
what  caused  it  to  blow* 

Notify  the  electrician. 

Check   It  wit^  test  equipment 
and   repair   Lt . 

Repair  or  replace. 


Burner  Falls  to 
Shut  Off 


Controls  Improperly  wired* 
Thermostat  out  of  calibration, 
Wires  shorted  out . 


llowLrci    Lhc  contr<jls» 

Calibrate  the  thermostat* 

Check  with  the  test  equipment 
and  repair. 


Smoke,   Odor,   Fumes       Improper  burner  adjustment, 


Bad  draft  creating  pressure  in 
the  chamber • 

Ai  r  cone  burned  away  or  f al len 
out . 


Check  the  air  and  oil  adjust-- 
me  n  t  s  • 

Check  the  overfire  draft  with 
the  gauge  and  correct • 

Check  the  ai  r  cone  on  the  end 
of  the  blast  tube*     Correct  or 
replace  It* 


Burner  Puffs  When 
Starting . 


Electrode  is  not  properly  set. 

Weak  spark  due  to  a  ground  in 
the  burner  assembly* 

Weak  spark,  or  no  spark  at  all. 


Reset  the  electrodes. 
Check  and  correct* 


Check  out  the  transformer  and 
replace  it   If  necessary • 


Burner  Short 
Cycling 


Limit  control  is  cuting  off  and 
on  * 


Thermostat  differential  is  set 
too  close* 


Check  the  wiring  and   location  of 
the   limit  control  ;  also  check 
the  thermostat. 

Adjust   for  wider  di  fferontial . 


Improper  Flames 


Oil  pressure  too  high  or  too 
low . 


Poor  draft. 


Improper  adjustment  of  the 
burner  air  shutter  * 


Adjust   the    Fuel    pump  for  100 
pouiKi.s  of   j)t-<j.ssur<? .      S<»l,    tho  air 
shutter  for  the  proper  smoke 
reading  * 

Check  the  chimney  and  smoke 

pi  n<a  . 

Adjust   to  produce  an  orange 
flame  with  no  chimney  smoke  and 
no  more  excess  air  than 
necessary  * 
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TROUBLE 


CAUSE 


REMEDY 


Burner  Noisy 


Excess  Fuel 
Consumption 


Excessive 
Electrical 


Motor  cJrive  coupling  is  loose 
or  worn. 

Rigid  electric  or  oil  pipe 
connections  at  the  burner. 


Fuel  uni  t  is  not  reassembled 
proper ly. 

Tank  hum. 


Poor  atomization . 
Excessive  draft. 

Low  CO2  (high  excess  air). 


Fire  is  too  small  for  the 
boiler  or  furnace. 

Fire  too  large  for  boiler  or 
furnace • 

Improper  setting  of  controls. 

Heat  exchanger  areas  caked  with 
carbon  and  elag. 


Fire  may  be  set  so  low  that 
burner  operates  continuously 
to  heat  the  building. 

Bad  adjustment,   low  CO2. 


Replace  the  worn  parts.  Check 
the  alignment. 

Relieve  the  strain  by  Instal- 
ling flexible  sections  at  the 
burner . 

Reassemble  the  fuel  pump. 


Install  an  anti-hum  diaphragm. 


Adjust  to  the  proper  flame. 

Readjust  for  a  -0.02  inch  over- 
fire  draft. 

Eliminate  the  air  leaks  in  the 
furnace  or  boiler.  Adjust  the 
draft  and  improve  the  flame. 

Increase  to  the  proper  GPH. 


Decrease  fire  to  proper  Gli'l. 

Check  and  reset  the  controls. 
Clean  heat  exchanger  areas. 


Increase  the  GPH  to  proper  size. 


Adjust  burner  for  proper  CO2 


Inspection  and  Maintenance 

Hnr-nol*"®  heating  specialist  Is  responsible  for  the  inspection  and  maintenance  of  oil 


^«nnfof^'■f  ^^"r.^®*  "^"^^  "P  °*  150-pound  capacity  pressure  gauge,   the  fittinKS  to 

A  full  set  of  Allen  wrenches  for  turning  setscrews,  bypass  plugs,   and  for  adiustin^ 
fTr  ?hriL5?i''^^^°^  electrodes.     Only  a  socket  wrench  of  ihe  proper  s?ze  ?s  useS 
for  the  nozzle.     An  open-end  S-wrench  is  required  for  nozzle  holders. 

^djS;iJng'?hT?i'?Je;:^??il!^  ^""^  thermostats  and  this  is  used  for 

Be  sure  that  the  pipe  dope  used  is  for  oil   lines.      If  there  1r  anv  rtr.,,K4.     ^  ^ 
can  Of  special  oil  pipe  dope  and  use  it  on  ilr^le  pipe  jhreads?^  ^       '  ^ 
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-  A  complete  assortment  of  nozzles  Is  needed.     From  the  standpoint  of   time,   It  Is 
cheaper  to  change  a  nozzle  than  to  clean  It  on  the  Job,     After  a  few  nozzles  are 
accumulated,   they  should  be  cleaned   In  the  shop. 

Nozzles  should  only  be  cleaned  on  a  clean  workbench  kept  In  the  shop.     The  nozzle 
Is  a  delicate  device  and  should  be  handled  with  care.     A  safety  solvent  Is  used  to 
cut  away  the  grease  and  gum  and  compressed  air,    If  available.    Is  used   to  blow  out 
dirt.     Goggles  should  be  worn   to  protect  the  eyes  when  compressed  air  is  used  to 
remove  dirt  from  the  nozzle*      Never  use  a  metal   needle   to  clean  the  orifice, 
sharpen  the  end  of  a  match  to  use  or  use  a  brush  bristle  for  this  purpose.  Always 
use  a  socket  wrench  when  turning  a  nozzle*     Be  sure   that  the  nozzle  seat  Is  clean. 
When  the  nozzle  comes  to  the   "bottom,"  back  It  off  and   retighten  It  several  times 
to  make  a  light  oil  seal.     Do  not  tighten  it  too  much  or  the  brass  threads  will 
strip  and  make  the  removal  of   the  nozzle  difficult* 

When  installing  either  the  pump  or  the  motor,  make  a  check  as  you  put  on  the 
coupling  to  see  that   there  is  no  ulndue  pressure  on  the  pump  shaft.      If  there  is 
excessive  pressure,   the  coupling  should  be  applied  closer  to  the  body  of  the  fuel  unit 
shaft. 


The  satisfactory  performance  of  any  type  oil  burner  depends  upon  the  proper 
installation,    operation  and  maintenance  of  the  unit.      It   is,    therefore,    recommended  that 
the  manufacturer's  instructions   for   these  services  be  procured   for  each  oil   burner  at  an 
instal lat ion . 

QUESTIONS 

1.     How  are  oil   burners  classified? 


2-     What  are  the  different  types  of   industrial  oil  burners? 


3.     How  does  a  mechanical  oil  burner  atomize  the  oil? 


4.     What  are  the  three  main  parts  of   the  horizontal   rotary  oil  burner? 


5*     How  does  a  horizontal   rotary  oil  burner  atomize  the  oil? 


6.     What  is  the  purpose  of   the  flexible  coupling  on  a  gun-type  oil  burner? 


7.     What  holds  the  f  ue  .  tube  and  e.'  uiCtrodes  in  place  inside   the  blast  of  a  gun-type  oil 


8.     What  information  will         ^; --•>»Jrtped  Ci3  the  outside  of   the  nozzle  used   in  the  gun-type 
burner? 


REFI5RENCES 

AFM  35-12,   Volume   I  and   II,   Operation  and  Maintenance  of  Central   Heating  Plants  and 
Distribution  Systems.,   Opei'ation  and  Maintenance  of  Space  Heating  Equipment  and 
Systems,   and  Process  Heat  Utilization. 


SUMMARY 


burner? 


4-27 


ERIC 


SG   J3ABR54532  OOl-Ht-5 


OIL  FIRED  SPACE  HEATERS 


OBJECTIVE 


Upon  completion  of  this  lesson,   you  will  be  able  to  determine  step-by-step  proce- 
dures for  removing^    Installing,   and  maintaining  oil  space  heaters. 


INTRODUCTION 

The  earliest   forms  of  house  heating  were  all  direct.     They   included   the  open  fires 
with  which  primitive  men  warmed  their  dwellings.      Some  types  of   stoves  and  braziers  (a 
pan  for  holding  burning  coals)   that  were  adopted   by  the  Romans  are  still   used   in  various 
parts  of  the  world.      In  the  colder  portions  of  Europe,    the   flroplaco  was  dovolopod  as  a 
method  for  heating   rooms  by  means  of  an  open   fire.     Thw   first    llroplaccis  were  hearths 
recessed  into  the  walls  of  buildings,   with  short    flues.     Fireplaces  with  high  chimneys, 
which  rose  above  the  roof  of   the  building  and  which  provided  adequate  draft   to  keep  the 
fires  on  the  hearth  burning  brightly,   were  introduced  daring  the   12th  century. 
Fireplaces  of   today  consist  of  a  hearth  closed  on  three  sides  with  brick  and  a 
completely  enclosed  chimney  or  flue  which  carries  away  the  smoke  and  combustion  products 
of  the  fire. 

T-ie  useful   heat,   given  off  by  a  fireplace,   consists  of   the  heat   radiated  directly 
by  the  burning  fuel  and   that  which  is  absorbed  and   re-radiated  by  the  side  and  back 
walls.     From  80  to  90  percent  of  the  burning   fuel   is   lost   in  the  combustion  gases  and 
smoke  which  go  up  the  chimney.     The  addition  of  fireplaces  in  modern  houses  is  for 
beauty  and  style  rather  than  for  thermal  efficiency. 

In  this  section,   we  will  discuss  types  of  oil   fired  space  heaters  that  are  more 
efficient  heat  producers  than  the  fireplace.     We  will  also  study  the  installation, 
operation  and  maintenance  of   these  heaters.     You  may  be  called   upon  at  any   time  to 
install,   operate  or  maintain  any  one  of  these  various  types  of  space  heaters.     When  you 
tlo  have  such  an  assignment,   your  supervisor  will   expect  you   to  have  a  working  knowli^dge 
of  the  type  and   of   the  fuel   required   to  operate  the  heater.     By  gaining  the  knowledge 
contained  in  this  section,   you  will   be  able  to  better  understand   the  construction-, 
operation  and  maintenance  of  the  more  complicated   heating  equipment  you  will  use 
throughout  your  Air  Force  career. 


A  space  heater — or  stove,   as  it   is  sometimes  called — is  an  enclosure  of  metal  or 
ceramic  materials  where  fuel   is  burned   to  provide  heat.      It   is  an   improvement  over  the 
fireplace  because   its  radiating  surface  is  relatively   larger  and   in  contact  with  the  air 
of   the  room,   and  because  it  gives  a  certain  amount  of  heat  by  air  convection.  An 
efficient  modern  space  heater  utilii^.es  about  75  percent  of  the  heat  of  the  fuel  burj  i 
in  it.      In   rural  areas  of   the  United  States  and  many  other  parts  of   the  world,  space 
heaters  are  still   being  used  extensively  for  heating  houses.     The  fuels  burned   in  the.»-e 
types  of  heaters   include  wood,   coal,   coke,   peat,    oil   and  gas. 

Since  the  space  heater  is  not  a  permanent  installation,    it  can  be  located    in  a 
dfjsirable  place   in  the  center  of  a   room   to  provide  tht?  greatest  amount  ol*  heat. 
However,   the  space  heater   is  not  very  satisfactory   in  providing  comfortable  heat    for  a 
large  space,   because  of   its  unique  method  of   limited  heat  distribution.      Even   so,  the 
simplicity  of  construction,   the  small   Initial   cost,    land  the  low  rate  of  fuel 
consumpt ion-'-regard less  of  whether  it   is  coal,   gas  or  oil — make  the  space  heater 
desirable  for  heating  small  areas. 


Oil-fired  space  heaters  are  very  simple   in  construction.     They  consist  of  a  burner, 
a  combustion  chamber,   an  outer  casing,   a  fuel   tank  and  a  fuel   control   valve.     An  air 
space  is  provided   between  the  combistton  chamber  and   the  outer  casing.     Air  that  enters 
through  grilles   in   the  bottom  of  the  heater   is  heated  and  then  passes  out  through  the 
grilles  in  the  top  of  the  unit. 


INFORMATION 


Types  and  Applications  of  Oil   Fired  Space  Heaters 
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1-ho  h2a?«H^i7^"r«ijJ^^.K''^^^'''^^  are  oquippcd  with  a  blower  and  electric  motor  that  Torco 
the  heated  air  Into  the^  room.     The  units  turn  at  slow  speeds  and  are  either  direct-drive 
or  be5lt-driven- 

Oil-fired  space  heaters  have  atmospheric  vaporizing-ty pe  burners,    two  of  which  we 
describe  next-     These  burners  require  a  lightweight  grade  of  fuel  oil   (generally  No.  1 
weight)  that  vaporizes  readily   at   low  temperatures  and   leaves  only  small   amounts  of 
carbon  and  ash.     The  two  types  of  oil-fired  space  heaters  commonly  used  are  the  Blue 
Flame  type  and  the  natural  draft  pot-type. 

Construction  Features  and  Controls 

Blue  Flame  Type.     The  blue  flame   type  burner  is  shown   in  figure  5-1,      It   includes  a 
metal  base  formed  of  two  or  more  circular  fuel-vaporizing  grooves  and  alternate  air 
channels.      Also  included  are  several  pairs  of  perforated  sleeves  or  cylinders:   one  ip: 
inside,    the  others  are  mounted  on  the  metal  base.     Each  pair  of  perforated  sloevof^  form?; 
2  combustion  chamber  above   Its  grooves.      One  or  more  cover  plates  that  rest  on   tor)  of 
thn  nested  cylinders  baflle    the    name  and  close  the  air  passage.      This   forces    the  air 
through   the  pi>  r  fora  t  i  ons   into  the  oil    vapor  chamber.      In   this  way,   a    large  number  of  air 
jets  are   introduced   into  the  oil    vapor,    producing  a  good  fuel  mixture.     The  mixture 
burns  with  a  clean,   odorless  blue  flame. 

These  burners  usually  have  a  short  asbestos  kindling  wick  for  ease  in  lighting. 
Some  burners  have  a  cup  installed  below  the  base  so  that  alcohol  can  be  burned  to 
provide  heat  for  starting.      The  wtck  and  the  alcohol  are  used  only   for  lighting 


Natural  Draft  Pot  Type  Burner.     Natural  draft  pot  type  distilla^     burners  are 
widely  used  for  space  heaters  (room  heaters),  wall  heaters,    floor  hf      ers,  water 
heaters,   etc.     They  account  for  approximately  90  percent  of  all  oil     pace  heaters  in 
use.     The  natural  draft  pot  type  space  heater  is  composed  of   three  main  parts.  (See 
r igure  5—2 ) 
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Burner  (Retorts),     The  burner  (sometimes  called  retorts)   may  be  of  various  shapes, 
rectangular  or  round,   and  designed  with  perforations  (holes)  In  the  shell  which  allow 
primary  air  to  enter  the  combustion  chamber  and  mix  with  the  oil  vapor-     Figure  5-4 • 

A  cutaway  is  shown  In  figure  5-3.      In  operation  the  distillate  (oil)  is  fed  at  the 
bottom  of  the  burner  and  Is  vaporized  at  this  point  by  radiant  heat   from  above.  The 
vapors  rise  and  mix  with  the  air  drawn   t.hroui;h  the  iH5rr<>raL«Mi  holos   In   iJie  buriM^r, 
During  high  fire  conditions,   the  flarae  burns  above  the  top  combustion  ring,  as  In  figure 
5-4. 

NOTE:     The  oil   level  in  the  burner  pot  should  not  exceed   1/8  inch. 


Figure  5-3.     Natural  Draft  Pot  Type  Burner 


High -Fire  Flame 

Figure  5-4.     Flame  Locations 


COMBUSTION  CHAMBER.     The  burner  Is  located  Inside  and  at   the  bottom  of  the 
combustion  chamber.     The  combustion  chamber  Is  heated  by  the  flame  in  the  burner  and 
radiates  the  heat  to  the  surrounding  air. 

CASING.      The  casing  provides  an  air  space  around   the  combustion  chamber.     Air,  that 
Is  to  be  heated,   eaters  through  grilles  at  the  bottom  of  the  casing.     The  air  Is  heated 
and  rises  through  grilles  at  the  top  of  the  casing.     The  casing  will  also  provide 
protection  against  direct  contact  with  the  combustion  chamber.      Figure  f3-2. 
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Fuel  Oil  Control  Valve 


parts 


Figure  5-5  illustrates  a  cutaway  of  an  oil  control  valve  and  identifies  component 


Figure  5-5.     Fuel  Oil  Control  Valve 

valve!*'%lerJjg;rr|!Sf  %hrii?St'ir^f        ^^^^  '^'^^  entering  the  oil  control 

valve  and  durfiro?era?ion  ?s  colt^onld  bv'^tirnfT^r  T^'""^  ^^'^  °^  *°  *he 

purpose  Of  the  oi/tempe^^tire  cSmJeisJjiJj  Jfoa?  Is  fo^'mliitlfn^^'^^^^^^^l^^  '3°^'-  '^•^^ 
amount  of  oil  within  the  valvp       Tho  ^^=1*   ,  4  maintain  a  specific  and  constant 

v.lve       Duri„g'i:^i';ds*\\:^i:^;er'?I  n^of^^n '^;|;at^%n^  ""tT^  Jel^t'^J^S^'L*  i'n^^^he'^'So"'' 
?o3iti:n-so^Ji:t"nrofr:i"r  "-^^^  vaWe'and^ho!L'?rin'Le"cJoseS" 

leJerSSsfbe  iJ  JSe  iiwr^sijKS      Ihl^'^^'     """iK^  operation  of  the  heater,   the  reset 
xn  the  down  position.     This  removes  the  .uressure  from  the  inlet  needle 
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valve  and  allows  oil   to  flo?r  to  the  valve.     The  manual   control  knob,    located  on   top  of 
the  otl     control  valve,   is  the  adjustment  for  the  oil   flow  rate.     The  valve  is 
calibrated  to  allow  so  much  oI.l   to  pass  through  on   low  fire  and  high  fire,   and  the 
different  setting  of  the  control  knob  will  either  increase  or  decrease  oil   flow  rato 
somewhere  between  the  low  and  high  fire  setting.     As  the  control  knob  is  turned  from  tho 
low  position  to  the  high  position »  it  raises  the  metering  stem  allowing  more  oil  to  flow 
through  to  the  burner.     The  safety  tripout  float  Is  an  automatlr.  safoty  whliMi  will  trip 
-ne  reset  lever,  closing  the  needle  valve  and  stopping  oil   flow  into  the  valve.  The 
safety  tripout  float  Is  actuated  by  high  oil   level  within   the  valve-     This  safety  device 
will  provide  100  percent  shutoff  ot  oil   in  case  of  high  oil   level  within  the  valve. 

The  most  important  part  of  tho  oil  control   valve,   even   though   it  has  .nothing   to  do 
with  the  operation,    is  the  nameplate  (see  figure  5-u),  mounted  on  top  of   the  valve.  On 
this  nameplate  is  the  manufacturer's  name,  operating  instructions  and  the  maxlrnum  iirid 
minimum  flow  rates  (for  calibration  purposes)  which  are  stamped  on  the  plate  in  cubic 
centimeters  per  minute  (which  is  the  measurement  used  for  calibration).     This  nameplate 
should  be  mounted  on  the  valve  at  all  times  except  when  performing  maintenance  on  the 
valve . 


The  variety  of  oil  space  heaters  manufactured   in  the  United  States  makes  it 
difficult  to  state  exact  procedure.^  for  removing,  disassembling  and  reassembling, 
ilanufacturer *3  instructions  for  this  type  of  work  will  be  sent  with  the  space  heater. 
These  instructions  should  be  kept  in  the  heating  shop  and   followed  whenever  the  need 
arises  to  perform  these  duties. 


Figure  5-6.     Oil  Control  Valve  Nameplate 


Procedures  for  Removing,   Disassembling  and  Reaswr^mbl  lag 
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Procedure  for  Inspecting  and  Cleaning 

Inspecting  and  Cleaning 

SERVICES.  Some  of  the  more  common  services  that  ahould  be  performed  on  Dot  and 
«irvi^lr«Hl^?H  K^^^^  ^eaters  during  preventive  maintenance  are  fistSd  below,  ^^heso 
fonlJ  dfrS??i2«^®^rr^'''''"®^  regulations,  manufacturer's  specifications  or 

local  directives,   to  insure  proper  operation  of  the  burners. 

— Remove  soot  and  carbon  from  heater  exchangers,   flues  and  chimneys. 

— Remove  soot  and  carbon  deposits  from  the  burners. 

— Ream  and  clean  out  oil  inlet. 

— Clean  the  strainers  in  oil  supply  line. 

— Cloan    tho  oil    Htoraj^e  tankR. 

Procedures  for  Installing  and  Maintaining 

p^.  ofiJc?"'*!'^"^  heaters  are  portable  and  are  easily  moved  from  one  location  to  anothc  ^ 
For  satisfactory  operation,  follow  the  installation  procedures  supplied  by  the  manufac-^ 
Sr^"*;!  J^-^^o^o?        ^i^™f  ^""^  ^^P®  burners,   oil   is  fed  to  the  burner  under  control 

rtfot.fi^  7^?  valve.     Set  the  unit  level  so  the  oil  can  be  properly 

distributed  in  the  burner.  h^v^h^*'^^ 

Since  the  oil   level  control  valve  is  an  important  part  of  the  space  heater,   it  is 
necessary  for  it  to  function  properly.     For  satisfactory  results  and  uninterrupted 
service,  give  regular,  periodic  attention  to  its  maintenance. 

--Keep  the  valve  clean.     Do  not  let  dirt  or  water  accumulate  on  or  in  the  valve. 
Clean  the  screen  regularly. 

—Keep  the  oil  clean.     Do  not   let  dirt  and  water  mix  with  the  oil.     Make  sure  oil 
tanks  ure  cloan  boForo   thoy  are  filled. 

^  I?^*  abuse  the  valve.     Never  use  the  valve  assembly  as  a  handle  to  lift  the 
HQa  t er . 

—Before  servicing  the  oil   level  control  valve,  make  sure  the  oil  supply  Is  cut 

O  X  X  . 

—Assure  that  the  valve  Is  properly  leveled  to  prevent  the  floats  from  sticking. 
Level  valve  both  end  to  end  and  side  to  side.  ^^i^^ng. 

Troubleshooting  011-Flred  Space  Heaters 

tvn«  2?'r®^?L^*'®  no  re  common  troubles  encountered  when  troubleshooting  pot  and  sleeve 
type  oll-flred  space  heaters  are  In  the  following  charts: 

LOW  OIL  FLOW 

^^"^^  REMEDY 

tiL'^r*^^??/"  supply  lines.  Eliminate  the  high  points  m  the 

Iiihin^??iJ^°?  e^"^^^        t  P^P^°K  bleed  thrilne. 

combination  of  air  leaks  and  high 

points  In  supply  line. 

The  oil  control  valve  may  not  be  level.  Level  the  valve 

Oil  may  be  too  heavy.  Use  the  grade  of  oil  recommended  by 

the  manufacturer. 

Dirt  m  oil  supply  line.  Clean  the  supply  line. 
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LOW  OIL  PLOW 


CAUSE 

Clogged  oil  strainer. 
Dirt  in  metering  mechanism. 
Sludge  clogging  supply  line. 
Fuel   inlet  clogged  with  carbon. 

CAUSE 
Check  oil  supply. 

Plugged  vent  on  oil  supply  tank. 

Insufficient  oil  flow. 

Improper  fuel. 

Fuel   inlet  plugged. 

Dirt  in  oil  control  valve. 

Oil   valve  not  level. 

Filter  cartridge  plugged  with 
sludge  and  dirt. 

Excessive  chimney  draft. 
Excessive  flue  downdraft. 


REMEDV 
Clean  strainer. 
Clean  metering  mechanism. 
Clean  supply   11 ne . 
Remove  carbon. 

BURNER  GOES  OT^T 

REMEDY 
Add  oil   if  necessary. 
Clean  vent. 

Troubleshoot  for  low  oil  flow. 

Use  fuel   recommended  by  manufacturer. 

Clean   fuel  inlet. 

Clean  valve. 

Level  valve. 

Clean    f  i  I  t*3r  . 


Check  proper  operation  of  draft 
regulator . 

Modify  chimney  height  as  required 
Install  downdraft  hood. 


CAUSE 
Stop  oil  flow. 
Drain  fuel  from  burner. 

Light  burner. 
Start  oil  flow. 
Operate  burner. 


CAUSE 
Improper  fuel« 
Heat  loss. 


BURNER   IS  FLOODED 

REMEDY 

Shut  off  main  oil  supply  v?ilvo. 

Place  a  pan  under  the  cleanout  pipe, 
remove  plugs,   drain  and   replace  t^  ^ 
pl  vig. 

Practice  safety. 

Turn  on  main  oil   supply  valve. 

Check  for  malfunctions  which  might 
have  extinguished  the  flame* 

HIGH  FUEL  CONSUMPTION 

REMEDY 

Use  fuel  recommended  by  manufacturer « 
Reduce  supply  of  air  to  burner. 
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HIGH  FUEL  CONSUMPTION 


CAUSE 

Heat  exchanger  areas  caked  with 
carboa  aad  slag. 

Excessive  chimney  draft. 


REMEDY 
Clean  exchanger  areas. 

Check  operations  of  draft  regulator 


Procedures  for  Operating  and  Adjusting  the  Oil  Space  Heater 

not     "J^^^^Dh  °°^*r°\  J'^iy®        opened,  oil  enters  the  burner  at  the  bottom  of  tho 

pot.     A  torch  is  used  to  light  the  oil.     As  it  begins  to  burn,   it  vaporizes  and  th,> 
vapors  rise  and  mix  with  the  air  entering  through'^the  perforaiioSs  tn  tie  Iid2  of  the 

nrorf-JIin  "^'ni^ir  within  the  burner  depends  on  the  amount  of  vapor 

producsd.  and  the  amount  of  vapor  produced  depends  on  the  oil  level  In  the  r>ot  Wh^n 
JuIn?l?Ve«'if'^f,°'  are  vaporized,   the  flame  stands  tn  Jie  po?!     SheS  l^g^ 

rZnll  k  7A       V      ''''f  ^^Pf'-^f^^'   ^he  flame  stands  high  on  the  top  ring  as  shown  In 

sSSSn        ?l^ir«  i  ?^  ^  l^^^-  ^^^^  the  flame  1h  a* 

shown  in  figure  5-7B.     A  minimum  or  low  fire,   the  flame  is  as  showii  in  figure  5-7C. 


Figure  5-7D  shown 
combustion  take  place 
above  the  lower  ring, 
produced  is  smoky.  So 
and  flue  pipe  so  heavl 
the  lover  ring,  except 
increase  oil  flow  rate 
burner  or  extends  into 
decrease  rate  of  flow 


on  tho  K^^^  ^°t°  t»^«  pot  is  too  low.     Vaporization  and 

on  the  bottom  of  the  bowl.     Air  to  support  this  combustion  enters 

Good  mixing  of  air  and  vapor  is  not  possible  and  the  flame 
ot  is  deposited  rapidly  under  these  conditions  and  can  foul  heter 
ly  that  good  operation  is  impossible.     If  combustion  occurs  below 
in  starting,  oil  flow  rate  is  insufficient.     In  this  case, 
or  shut  off  heater  entirely.     If  flame  stands  too  high  above 
the  flue  pipe,   rate  of  oil  flow  is  too  great.     In  this  case, 
to  prevent  dangerous  overfirlng. 


HOT  FLUe  OASCS 


'Mr 


HION 

FLAME  AT  NION  Fint 


FLAMC  WMCK  OIL  FLOW  IS 
TOO  LOW. 


Figure  5-7.     Position  of  Burner  Flame  at  Different  Rates  of  Fuel  Fl 


ow 
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Since  the  flow  of  air  to  vaporizing  type  burners  depends  on  the  chimney  draft,  pay 
careful  attention  to  this  feature.     Poor  draft  will  result  in  a  smoky  flame  that 
produces  little  heat,  while  a  downdraft  will  make  it  almost  impossible  to  keep  the  flame 
going  at  all. 

The  draft  in  a  chimney  is  created  by  the  difference  in  weight  between  the  hot  air 
or  gases  on  the  inside  of  the  chimney,  and  the  cold  air  on  the  outside.     Hot  air  always 
rises.     The  hot  gases  produced  by  the  combustion  will   rise  in  the  chimney,  causing  cold 
air  to  be  drawn  into  the  space  heater  to  replace  it.     This  continuous  action  of   the  hot 
air  rising  in  the  chimney,  and  being  replaced  by  cold  air  through  the  stove  or  space 
heater,   is  known  as  "draft."     In  cold  weather,   the  draft  may  be  stronger,  due  to  colder 
air  outside  the  building;  whereas  in  summer,   the  draft  is  less  due  to  smaller  difference 
in  the  temperature  (and  weight)  outside  the  building  and  inside  the  chimney. 

Downdraft  Hood 

Often  times,  a  downdraft  is  created  by  either  a  high  tree  or  any  adjacent  taller 
building  as  illustrated  in  figure  5-8.  In  each  of  these  cases,  a  downdraft  hood  will 
eliminate  this  condition. 

In  this  case,   the  chimney  is  too  short  and  when  the  wind  blows  from  the  opposite 
side  of  the  house,  a  downdraft  is  created  in  the  chimney.     The  height  of  the  chimney 
should  be  increased   to  approximately  three  feet  above  the  ridge  of  the  house  or  install 
an  approved  downdraft  hood  on  top  of  the  present  chimney. 


An  automatic  type  of  damper  is  usually  installed   in  the  first  Joint  of  the 
stovepipe  where  the  pipe  leaves  the  heater.      It  is  a  weighted  butterfly  damper  that 
maintains  a  constant  draft,   regardless  of  wind  and   temperature.     For   this  reason,   it  is 
usually  called  a  "draft  regulator"  instead  of  a  damper.     An  illustration  of  a  draft 
regulator  is  shown  in  figure  5-10. 


Figure  5-8.     Causes  of  Downdraft 


Downdraft  may  seriously  interf»3re  with 
properly  functioning  burners.     Downriraft  may 
result  when  the  chimney  is  not  high  enough 
for  the  building  roof   line  or  is  too  close 
to  other  high  buildings,   trees  or  terrain 
features  (figure  5-8).     The  chimney  must  be 
at  least  three  feet  above  the  highest  point 
of  the  building  roof.      If  the  difficulty  is 
caused  by  other  factors,   a  downdraft  hood 
may  prove  effective.     Two  types  of  down- 
draft  hoods  are  the  "A"  and  "H"  type. 
Tigure  5-9  illustrates  an  "H"  type  hood. 


Figure  5-9. 


tt 


H-Type"  Hood 
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Automatic  and  proper  operation  of 
draft  regulator  depends  upon  correct 
installtalon,  because  it  must  balance 
correctly  and  be  free  to  move  at  the 
slightest  change  in  draft  oressure. 
Regardless  of  whether  the  regulator 
is  installed  in  a  vertical,  horizontal 
or  angled  smokestack,   the  top  of  the 
damper  must  be  at  the  true  top 
position.     The  face  must  be  plumb 
(straight  up  and  down).     When  tne 
regulator  is  used  in  a  horizontal 
or  nearly  horizontal  pipe,  the 
counterweight  is  not  used. 


ADJUSTABLE.  WEIGHT 

Figure  5-10.     Draft  Regulator 


SUMMARY 

Oil-fired  heaters  are  ordinarily  used  when  gas  is  not  available.     Oil  caa  be 
transported  into  areas  where  gas  and  coal  cannot.     They  are  clean  operating  and  do  not 
require  as  close  attention  as  coal  stoves.     Two  types  of  burners  are  commonly  used  as 
oil-fired  heaters.     One  type  is  a  blue  flame  type  burner  and  the  other  is  the  natural 
draft  pot  burner.     In  both  types,   lightweight  fuel  oil  is  fed  into  a  bowl  at  the  bottom 
of  the  burner  where  it  is  ignited  by  a  wick.     After  ignition,   the  heat  of  combustion 
causes  the  oil  to  vaporize.     Air  mixes  with  the  vapors  and  burning  takes  place  at  a 
point  above  the  oil  bowl  itself.     In  order  to  avoid  a  smoky  flame,  oil-fired  heaters 
require  careful  adjustment  of  the  draft.     Usually,  an  automatic  draft  regulator  is  used 
in  the  smoke  pipe  in  place  of  a  damper. 

QUESTIONS 

1.  What  are  the  two  types  of  oil-fired  space  heaters? 

2.  What  device  is  incorporated  in  an  oil-fired  space  heater  to  maintain  a  constant 
d  raft? 

3.  What  type  of  oil-fired  space  heater  uses  a  kindling  wick  or  alcohol  cup  for 
igni  t ion? 

4.  What  causes  the  oil  to  vaporize  in  an  oil-fiied  space  heater? 


5.     What  determines  the  height  of  the  flame  in  an  oil-fired 


space  heater? 


6.     Where  is  the  draft  regulator  installed? 


REFERENCES 

1.  Domestic  and  Commercial  Oil  Burners,  third  edition,  by  Burkhardt 

2.  ASHRAE  Guide  and  Data  Book,   Equipment  1972 
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Thir,  workbook  contains  practical  work  assignments   for  yoa  to 
acco:n[)l  i  sli  in  conjunction  with  your  study  assignments.  Complete 
each  problem  or  work  assignment   in  the  sequence  given  and   it  will 
aid  you   in  jnderstandinj  an»3  retaining   the  key  points  covered  in 
each  assignment. 


378 


ERIC 


TABLE  OF  CONTENTS 
WORiCBOOKS   J3^BR54532   OOl-III-l   thru  TII-5 


Number                                                                         Title  Page 

III-l  Electrical  and  Electronic  Controls  1-1 

ItI-2  Troubleshooting  of  Electrical  Controls  2-1 

III-l  Combustion  Efficiency  and  Draft  3-1 

IIt-4  IDomestlc  anci   Incius tr  La  fc-  O  1 1   BuriKT:;  4-1 

CII-'S  Oil  Fired  Space  Heaters                        ^  5-1 


ERIC 


i 

379 


Wa  JiA!3R545i2  OOL-Itl-l 

ELBCTRICAr.  AND  ELECTRONIC  CONTROLS 

OHJKCTrVR 

When  you  have  completed   this  woi''*Dook,    you  will  be  able  to: 

cSntrils^^^^^  about  the  purpose,    use  and  principles  oC  operation  of  electrical 

Adjust  electrical  controls   to  assure  proper  operation 

—  Identify  basic  facts  relating   to  electronic  controls. 

—  Explain   facts  about   the  theory  of  operation  and   use  of   pneumatic  controls. 
Explain  basic   facts  about   troubleshooting  pneumatio  v:ontrolr,   and  equipment. 

PKOCEDURE 

EXERCISE  1 
Adjust   Electrical  Controls 
CAUTION:     Observe  safety  precautions  when  working  with  electricity. 
NOTE:  Remove  all  watches,    ringss,   and  other  jewelry. 

1.      liocatfi  thermostat. 

-c:.     Disconnect  electrical  power  from  furnace. 

3-     Locate  Primary  Control  and  note  current  draw. 

of^instJurtor^^''^'^^^'^''         current  draw  of   Primary  Control,   or  as  per  instructions 
5.     Have   instructor  check  work. 

EXERCCSE  2 
Elect rica 1  Controls 
SontJo^^   ^^^^  '^^'^  placed   in  the  on/off  position   is  an  example  of  a 

ambi^r^gHipeFature,  ^   temperature   sensing  device   that   responds   to  changes  in 

3.  A  thermostat  can  operate  by  or  voltages. 

4.  What  control  should  stop  the  burner   in  case  of  excessive  temperature? 
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5.  A  fan  switch   is  used   to  «^ontrol  the  

6.  When  using  the  Bimetallic  strip  what  causes   it  to  bend? 


7.     What  causes  the  liquid   to  qasify   in   the  compressible  type  bellows? 


8.     What  is  the  purpose  of  capillary  tube  on  th<^  remote-bulb  device? 


9.     Name  the  two   types  of  pilotstats. 


10.     Explain   the  operation  of  thermoelectric  pilotstat  when  the  pilot   flames  goes  out, 


11.  The  valve   type  pilotstat  will  shut  the  gas  off   to  the  and  in 

case  the  pilot   flame   is  ext inguished • 

12.  The  contricts  on  a  limit  control  are  normally  


13.  The  normal   temperature  range   for  the   limit  control  is  to 

14.  The  primary  control   for  gas   is  a  simple  switching  device  which  and 

t  he  ma  in  circu  it. 


15.     Three  types  of  automatic  gas  valves  cire 


16.  What  is  the  primary  control  for  gas  burners?   

17.  Which  primary  control   incorporates   four  controls?     

18.  The  fan  ON  setting   is  usually  to  above   the  fan  OFF  setting. 

19.  S.G.,   Figure   1-19.     Wliat  control  device  operates  on  low  voltage? 

20.  S.G.   Figure  1-20.     The  gas  valve  operates  on  voltage. 
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ELECTRONIC  CONTROLS 

1.  Why  do  we  use  electronic  controls?   

2.  What  are  electronic  controls  used  for? 

J.     What   is  the  purpose  of   flame   safeguard  protection? 

4.     Why  do  large  boilers  use  programmers?   


5.  What  are  electronic  "sensors"?   

6.  Electronic  flame  safeguard  sensors  respond  to  or  light 
or  . 

7.  What  was  the  first  electronic  flame  sensor?     

8.  How  does  a  cadmium  cell  sense  visible  light? 

9.  Explain  how  the  lead   sulfide  cell  senses  light,   

i. 0 .  What  does  the  ultraviol'3t  sensor  sense? 
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PNEUMATIC   CONTROL  SYSTEMS 
What  are  pneumatic  controls  used  for? 


2.  How  oEteii  should  the  air  storage  tank  be  drainer]  of:  water? 

3.  Wljat  is  the  purpose  of  the  pressure  reducing  valve? 

4.  Air  pipinij  and  distribution  systems   Eor  pneumatic  controls  consist  of 
and  

5.  What  type  of  automatic  control  system  has  continuous  feedback? 

6.  What  is  the  usual  pressure  of  supply  air? 

1.  What  controls   the  pressure   in  the  air  supply  tank? 

8.  What  is  the  purpose  of  the  supply  air  lines? 

9.  How  often  should  the  oil   in  the  pump  crankcase  be  changed? 
10,  How  often  should  motor  be  oiled? 

11-  Define  the  term  pneumatic  controls. 

12.  How  are  pneumatic  controllers  classified? 

13.  What  type  of  pneumatic  controller  produces  a  gradual  action  of  thf»  controlled 
device? 

14.  Mediums   Lhat  affect  the  space  or  room  conditions  are  called 


15.     The  ^  is  the   final  contact  element  that 

activated  by  the  control  pressure. 
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TROUBLESHOOTING  OF   RLKCTRICAL  CONTROLS 
When  you  have  completed  this  workbook,   you  will  be  able  to: 

—  Using   the  step-by-step  procedures,    troubleshoot  electricftl    controls   on  a 
warm  air  furnace  trainer  with   instructor  assistance. 

Trace  electrical  circuits,    isolate  electrical   malfunctions  and  perform  minor 
repairs   to  electrical  circuits. 

J^H(;Cl::iJUaK 

EXERCISE  1 

Troubleshooting  a  Warm-Air  Furnace  Low-Voltago  Control  Circuit 

CAUTION :      Remove  all  Jewelry;   make  sure  power  is  OFF  before  wiring   the  trainer. 
Check  wiring   leads   for  damage. 

Working  on  trainer  provided,    troubleshoot  and  identify   faulty   h«-ating  controls    in  a 
low-v<jltage  warm-air  furnace  control  circuit. 

1.  Obtain  multimeter  from  supply  cabinet. 

^.  <Jbtain  wiring   leads   from  trainer  drawer. 

3.  Wire  the   low   voltage  trainer,   using   figure   1  of   this  workoook  as  a  guide. 

4.  Have  the  instructor  check  your  circuit  before  energizing  and   lighting  the  pilot. 

5.  Apply  power   to  the   trainer,    light   pilot  and   check  circuit   for  normal  operation. 

<i.      Thermostat  — 

a.      Adjustment  -  Heat  Anticipator 

(1)  Adjust  heat  anticipator   to  match   the  current   rating  of   the  primary  control 
(gas   valve),   which  is  usually  stamped  on   the  control  nameplate. 

NOTE:      If   the  current  rating   is  not  given   for  the  primary  control,  use 
the  manufacturer 's  specifications. 

(2)  Move   the  indicator  to  match   the  rating  of   the  primary   contiol,   and  the 
heat  anticipator  will   be  properly  adjusted. 

NOTE:     The  indicator  may   be  moved  with  fingers,    pencil   point  or  pin. 

7.     Combination  Control    (Fan  -  Limit  Switch) 

a.  Calibration  —  None. 

b.  Adjustment  — 

NOTU:     On   the  dial  or  face  of   the  combination  control  m      tf?mperaturo  settings 
for  the  fan  and   limit   switches.      The  dial  has  a   temperature  range  from 
SO^'F  to  25CF  with  20  subdivisions,    each  worth   ten  degrees.  Included 
also  are  three  temperature  indication  pointers,    two   for  the  fan  switch 
and  one  for  the  limit  switch. 
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Limit  Switch  - 

(a)  Remove  cover. 

(b)  Locate  temperature   indicator  pointer         at  the  top  of   the  dic^l. 

CAUTION;     Do  not  rotate  dial.     Hold  dial   firT^ly  with  fingers  while 
positioning  pointers. 

(c)  Using  your  fingers,   position  the  pointer  tc   the  20Q**F  mark  on  the 
dial. 

(d)  The  limit  switch   is  now  adjusted  to  prevent  overheating  and  a  oossi- 
ble   fire  hazard. 

Fan  Switch  - 

NOTE:     This  switch  has  two  temperature  settings,    identified  by  pointers. 
They  are:     the   fan  ON  pointer  which   is  below  the  limit  switch 
pointer,   and   the  fan  OFF  setting  which  is  the  lowest  pointer  on  the 
d  ial . 

CAUTION:      Do  not  rotate  dial.     Hold  dial   firmly  with  fingers  while  posi- 
tioning pointers. 

(a)  Using  an  ON  temperature  setting  of  80**F,   adjust  the  middle  pointer  to 
the  given  temperature  located  on  the  dial. 

(b)  Set  the  fan  OFF  pointer  to  maintain  ^  differential  of  15  to  25 
degrees. 


Have  the   instructor  checTc  your  trainer. 

NOTE:     On  the  back  of  the  trainer  are  trouble  switches  labeled  1  through  6.  Start 
with  trouble  switch  number  1,   turn  it  to  the  ON  position.     Then  troubleshoot 
the  circuit  using   the  multimeter  to  identify  the   faulty  control.      Enter  the 
trouble   in  9  below;   when  this  is  done,   place  the   first  trouble  switch   in  the 
OFF  position  and  proceed  until  all  troubles  have  been  identified. 


Identify  the  six  troubles  you  have  found  with  your  trainer  and  list  them  in  ortier 
below: 

TROUBLE 

a. 


b. 


c  • 


d. 


e . 


f . 


tlave  th«^    insLL'uctor  clT-ck  your  completed  workbook. 


Secure  the  pilot  and  power,  then  remove  the  wiring  leads  and  return  them  to  the 
trainer  drawer. 

Proceed   to  next  tr.i'nec. 
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X 


LIMIT  SWITCH 


X 


pilotK  Ht/ermocouplc 


FAN  motor 


-o  6 


9AS  VALVE 


TRANSFORMER 


Figure  1.     Warm-Air  Furnace  Low-Voltage  Control  Circuit 


Troubleshooting  a  Warm-Air  Furnace  Line-Voltaqe  Control  Circuit 

CAUTION:      Insure  power  is  OFF  before  wiring   the   trainer.     Check  wiring   leads  for 
damage • 

Working  on  trainer  provided,    trouoleshoot  and   identify   faulty  heating  controls  in  a 
low-voltage  warm-air   furnace  control  circuit. 

L.     Obtain  wiring   leads   from  trainer. 


2.     Wire  the   line   voltage  trainer  using  figure  2  as  a  guide. 


Mave   instructor  check  your  circuit  before  energizing  and   lighting   t>ie  pilot. 


I.     Apply  power  to  the  trainer,    light  pilot  and  check  circuit   for  normal  operation. 

NOTE:     On  the  back  of   the   trainer  are   trouble  .switchos   labeled    1   through  6,  Start 
with  trouble  switch   number  1,    turn   it  to   the  ON  pohiition,    then  troubleshoot 
the  circuit  using  the  multimeter  to   identify  the   faulty  control.     Eater  the 
trouble   in  5  below;   when  this   is  done,    place  the   first  trouble  switch   in  the 
OFF  position  and  proceed  until   all   troubles  have  been  identified. 


5.      Identify  the   troubles  you  have    found  with  your   trainer  and   list   then   in  order 
h*i  1  ow . 

TROUBLE 


2-3 

386 

o 

ERIC 




6.  Have  the   iastructor  check  your  completed  workbook. 

7.  Secure   the  pilot  and  power,    removG   the  wiring   leads  and  return  them   to  trainer 
drawer . 

8.  Proceed   to  next    trainer • 


Figure  2.     Warm-Air  Furnace  Line-Voltage  Circuit 

Troubleshooting  Hot  Water  Boiler  Control  Circuit 
CAUTION:      Insure  power   is  OFF  before  wiring   the  trainer.     Check  wiring   leads    tor  damage 

Working  on  trainer  provided,    troubleshoot  aca   ider.Lify  faulty  heating  controls   in  a 
hot  water  boiler  control  circuit. 

I.      Obtain  wiring   leads    rro«i>   trniner  drawer. 
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Wire  the  hot  water  boiler  control  circuit  using  figure  3  as  a  guide. 

Have  the  instructor  check  your  circuit  before  energizing  and  lighting  the  pilot. 

Apply  power  to  the  trainer^   light  pilot  and  check  circuit  foe  normal  operation. 

NOTK:     On  the  h*ick  of   the  trainer  ave  troublo  switch.?-.   l.ibel»i<!  L  tliroui]h  a.  St.wi 
with  trouble-  switch  number         turn   it  to  tho  ON  por.itic^n.     ThtMi  Lroublcvihoot 
the  circuit  using   the  multimeter  to  identify  the   faulty  control.     Enter  the 
trouble   in  5  below;  when  this  is  done^   place  the   first  trouble  switch  in  the 
OFF  position  and  proceed  until  all  troubles  have  been  identified. 

liioMtiCy  tho  t-i.jhc  trouble^i  you  have  found  witli  your  LraLiu^r  anJ  list  th.  r.  in  ordtjr 
below. 

TROUBLE 


a  • 
b. 
c . 
d. 
<^  • 
f . 

g. 


6*     Have  the   instructor  check  your  completed  workbook, 

7.     Secure  thf^  pilot  and  power^   then  remove  the  wiring  leads  and  return  thmm  to  thm 
trainer  drawer  and  return  the  multimeter  to  the  storage  cabinet. 


OUTDOOR 


THERMOSTAT        AOUASTAT        PIUOTSTAT  SwTtL  THEHM.STAT 


SWITCH 

TYPE 

C.B. 


CiRCULATlMC  PUMP  MOTOPV 


Figure  3.     Hot  Water  Boiler  Control  Circuit 
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EXERCISE  2 

Troubleshooting  Heating  Control  Systems 

1.  List  three  types  of  electrical  troubles. 

a.    __   ^   

b.   

c.  _   ^ 

2.  Define  the   types  of   troubles  listed   in  the  above  question. 

a .    

b.  

c.   

3.  Give  three  examples  of  an  open, 
a.        _  _  _ 

b. 

c.    

4.  Give  two  examples  of  .a  short. 

a .  

b.  

5.  Define  a  cross  short. 

6.  What   is  an   indication  of   low  power? 

7.  Wliat  meter   is  used  to  locate  an  open? 

8.  What   is  an   indication  of  a  direct  short? 

0.      r,ist.    ff^iir   tor^Lf?r  >   l.h.it    tran  hf>   ur.O'l   to   locate   an  open. 
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10. 


The  voltmeter  placed   in  the  circuit  below  will  indicate 


vo  1 1  s . 


 X. 


11. 


The  above  diagram   is  an  example  of  an 


12.  The  above  diatjram   is  an  example  oE  a   

^  .  '   —  

13.  The  exact   location  of  an  open  can  be   found   by   usintj  the 

14.  What  are   two   types  of  shorts? 

15.  Define   the    term  infinite. 

16.  List  the   types  of   testers   that  should  be  used   to  locate  a  direct  short. 

17.  When  trying    to  locate  a  cross  short  with  an  ohmme'cer  the  power  must  be 

18.  What   testing  device   cannot  be   used    in   locating  a  cross  short? 

19.  What  is  an  effect  of  a  shorted  switch? 

20.  what  -Tiaintenance   is   required   for  a  shorted  switch? 
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COMBUSTION   EFFICIENCY  AND  DRAFT 

OBJKCTI VE 

Upon  completion  of   this  workbook,   yoa  will  be  able   to  compute  combustion 
e  f f  iciency . 

P ROCK DURE 

EXERCISE  1 

Perform  the  Combu«^tion  Ancilysis  and  Comput'.-  c:oinl>iij;l.  ion  Isf  I  Lo  i  oncy 

CAUTION:     Before  entering  boiler  area,    remove  watches  and  rings.     Observe  safety 
precautions   that  apply  when  working  with  operating   heating  equipment. 

1.  Draw   flue  gas  analyzer  kit   from  supply  cabinet. 

2.  Examine   flue  gas  analyzer  kit. 

a.  Check  rubber  sampling   tube  and  aspirator   bulb  for  leaks. 

b.  Insure  adequate  chemical    liquid  level. 

c.  Insure  kit   is  complete 

3.      Proceed   to  boiler  area  with   instructor   (Take  WB  and  sc;) 


Operation  of   Fyrite  Analyzer 

Draw  a   flue  gas  sample   in  accordance  with   the   following  procedures   to  determine 
CO2  content. 

a.  Invert  analyzer   to  allow  chemical  solution  to  wet   the   iaside  surfaces  of  the 
analyzer;   then   turn  upright   to  get   fluid   run  back   into  the  bottom  reservoir. 

b.  Hold  analyzer   upright  and  depress  plunger   valve.     This  action  will   vent  the 
analyzer   to  atmosphere,    releasing   the  previous   flue  gas  sample. 

c.  Zero  the  scale.      Loosen   the   locknut   in  rear  of  seal**  and  slide  scale  until  the 
zero  mark   lines  up  with   top  of   fluid   column,    then   tighten  locknut. 

Insert  open  end  of  jnetal   sampling   tube   into   the  center  of   the    flue  gases  to  be 
4.  ilyzed,    if  at  all  possible. 

1    ^he  analy^'er  upright,    lay    '!      connc  ':ip  :iie  plunger   val  ^  -    at  the 

-   ana lyz  ^  r . 

1. ,      Depress  plunger  valve  with  connector   tip  and   squeeze  and  release  aspirator  bulb 
13  t  ime  s . 


After  tne  18th  squeeze  and  before  releasing  the  bulb,  release  the  connector  tip 
and  plunger  valve. 

h.     To   force   the   trapped   flue   gas  sample   'chrough   the   chemical   solution,    invert  the 
analyzer  at  a  45-degree  angle  and  upright  at  a  45-degree  angle   three  or  four 
times.     This  will   allow  the   fluid   to  run   from  the   top  reservoir   to   the  bottom 
reservoir  and  vice  versa. 
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i.  Hold  the  analyzer  apriqht  or  place  on  level  surface  for  several  seconds,  so  as 
to  allow  all  the  chemical  solution  to  drain  from  the  top  land  read  the  pf-rcent 
CO2  on  the  scale. 


The   following  Combustion   Efficiency  Graphs   (figures   4  through  6)    may  be   used  to 
d(5terinine  the  combustion  efficiency  when  burning   the  more  common   fuels.     When  using 
these  graphsr    it   is  necessary  to  know:      first,    the  percentage  of   the  CO9   in  the 
flue  gas;   second,    the   temperature  of   the   flue  gas;    third,    the   room   temperature;   a  rid 
fourth,    the   type  of   fuel   being  used.     With   this   information,   determine  tho 
combustion  efficiency    in   the    following  manner: 

a.  Kind   the  differenci?  between   the   flue  gas    (stack)    temperature   and   room  toinperi- 
tur^?.     Thi.s   is   the  n«?t   stack   temperature . 

b.  Locate,   on   the  bottom  of   the   scale,    the  point   that   represents  the   net   stack  tem- 
perature on   the  proper  graph. 

c.  Find   the  diagonal   line  which   represents  the  amount  of   carbon  dioxide    in   the  flue 
ga  s  • 

d.  Find   the  point  of   interception  of  the   two  lines. 

e.  Draw  a. horizontal    line   to  the   left-hand   scale    from  where   the   two   lines  inter- 
cept.    The  point  at  which   the  horizontal   line   crosses   the   left-hand   scale  repre- 
sents  the  percentage  of   combustion  efficiency.      See   figure  4. 

Determining  Combustion  Efficiency  Using  Fyrite  Computer.     After  determining    the  per- 
cent of  CO2  present   in   the   flue   gas,    the  combustion  efficiency  can  be  determined 
by   using   this   information,    an  eftticiency   finder  computer,    and   following  the 
prt^cedure  <jivon  below. 

a.  Measure   flue  gas   temperature  with  suitable   thermometer  prior   to  taking    flue   oa s 
sample . 

b.  Subtract   room  t>r  air   inlet   temperature   frcjm   the    flue  ga:s   temper<jture  t<:>  get  a 
.^KT  STACK  TEMPERATURE. 

c.  Insert   the  correct   fuel   slide   into  the  efficiency   finder  computer. 

Set   slide   so  net  stack   temperature  appears   in  window  of  computer. 

e.     Set  arrow  on  cross-slide   to  percent  CO2   found   in  analysis  and  read  percent 
combustion  efficiency    (black    figures)  or  percent  stack    loss   (red  figures). 


Using  factors  and  graphs  given  in  the  workbook,  compute  perc<=*nt  coinbustion 
efficiency    for    the   following    {carry    !-r>  on     drrrim'      pi  ^    -  '  . 

a .  r:   "  ire   


b.  u.'.w  Temperature 

c.  Net  Stack  Temperature 

d.  Type  of  Fuel 

e.  Percent  of  CO2 

f.  Percent  Combustion  Efficiency 


Have   the  instructor  check  your  work. 


Checked  by 


Tnstructr.r 
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Figure  4.     A  Graph  Used   to  Determine   the  Combastion  EffrLciency 
of  a  Heating  System  Firing  with  Subbitumi'ious  Coal 
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Figure  6.      A  Graph  lJr;ot1  Detorinine   the  Combustion  nfCiciency 

of  a  Heating  System  Firing  with  Natural  Gas 
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EXERCISE  2 
Combustion  Efficiency  and  Draft 

^.^    is   the  ratio  of   the  useful  heat  delivered  by 

the  burning   fuel  to  the  supply  of   Tue'l  • 

2.     Improper  combustion  efficiency  causes 


3.  What  percent  CO2  is  considered  to  be  perfect  combustion? 

4.  What  gasses  are  produced  in  the  combustion  process? 

5.  What  are   the  methods  of  combustion  analysis? 

6.  What  information  must  be  known  to  be  able  to  compute  combustion  efficiency? 

7.  What  does  the  term  "net  stack   temperature"  mean? 


8,     What   in  meant  by  the   term  "usable"  heat? 
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DOMRS'lIC   ANH   INDUSTRIAL  OIL  BURNERS 

OUvlECTIVE 

When   y..>a  I  .wo  completed   this  wor       ok   you  wilL  be   able  to: 

—  Kxpi.jip   th     characteristics  of  ul. 

'^pia.ih  theory  of  gravity  and    Corced   fuel  oil  supply  systems. 

Exj.  !  Mi.   ciie  theory  of  construction  and  operation  of  rotary  pumps. 

—  Explain  the  procedures  us^d  to  install   fuel  oil  piping  syatems, 
-  Determine  the  quantity  of  fuel  in  storage  tanks. 

Explain  the  principles  of  operation  of  domestic  and   industrial  oil  burners. 
Inspect,   disassemble,   clean  and  reassemble  a  warm  air  furnace  and   its  controls. 

PROCKD  :RE 

EXERCISE  1 
Maintaining  Oil  Supply  Systems 

1.     Oil  Systems 

a.  Draw  fuel  tank  dipstick,   rags  and  hand  tools. 

b.  Proceed  to  work  area  with  instructor. 

0.  Check  grounding  on  oil   storage  tank. 

c\.      Inspect  system  for   loose  fittings,   leaking  valves  and  corrosion. 

e.  Tighten  any   loose  fittings,   repair  or  replace  leaking  valves,   and  replace  any 
lines  that  are  corroded. 

CAUTION:     Observe  safety  precautions  when  performing  duties  around   fuel  storage 
tank  and   fuel  lines.     Do  not  use  the  top  two  rungs  on  the  ladd«r. 
Have  someone  hold   ladder.     Use  a  ladder  equipped  with  nonslip  shoes. 
Remove  watches  and  rings. 

f.  Remove  filler  pipe  cap  and   insert  dipstick  vertically   into  the   fuel  storage  tank 
until  the  dipstick  touches  the  bottom  of  the  tank. 

g.  Keeping  the  dipstick  vertical,   remove   it   from  the   fuel  storage  tank. 

h.  Check  the  dipstick  to  find  where   liquid  level  of   fuel   is  in  inches.      (Stick  will 
be  we  t . ) 

1.  Check  the  dipstick  to  find  where   liquid   level  of   fuel   is  in  gallons, 
j.     Enter  amount  of   fuel  in  the  spaces  provided. 

(1)  inches 

(2)  gallons 
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EXERCISE  2 
Domestic  and  Industrial  Oil  Burners 
What  are  the  two  major  classifications  of   fuel  oil? 


Wliat  cloey   uhe   term   "viscosity"  mean? 


•vvliy  must  an  al>ove  gx-ound  storage   tank  have  an  electrical   grounding  strap? 


For  safety,    a  fill  pipe  must  be 


feet  away   from  building  openings. 


Bulk   fuel  oil   storage  should  not  be  entered  without  permission  from 


for  safety  reasons. 


Approved 


equipment  will   be   usod    LnsLdo  hulk 


storagi^  tanks. 


is  probably  the  most  practical  way   to  control   static  char 


How  full  should  a   fuel  oil   storage  tank  be   filled?  Why? 


What  happens  to  the  unused  fuel  oil  when  the  single-pipe,  gravity- feed,  fuel  o 
supply  system  is  used? 


V/hat  happens  to  the  excess  fuel  oil  when  the  double-pipe,  gravity- feed ,  forced 
return  oil  supply  system  is  used? 


Why  must  extreme  care  be  exercised  when  using  the  double-pipe,  gra vi ty- f oed, 
forced-return  oil   supply  system? 

Maintenance  of   fuel  oil  piping  systems   consist  of  or 
When  shou Id  st rainers  be  cleaned? 


14.     What  is  the  purpose  of  piping  strainers? 


15.  Rotary  pumps  used  rotating    , 

to  impart  pressure  fo  the   1  iqu  id . 

16.  Tiist   the   two  commonly  used   rotary  pumps. 

17.  Rof.riry   puinps  »ir<^ 

18«  Always   start  a  rotary  pump  with  both 

L9.  How  are  oil   burners  classified? 

20.  How  does  a  mechanical  oil  burner  break  up  the  oil? 

21.  What  type  of  oi.\  burner  uses  steam  or  air   to  break   up  the  oil? 

22.  What  !na^<os  a  horizontal  rohriry  oil  burner   an   ideal  burner? 

23.  What  .are  the   three  main  parts  of   the  hori/*ontal  rotary  oil  burner? 
21.     What  are  gun-type  oil  burners  used  for? 

2").     What   is  used   to  connect   the   fuel  pump  to  the  motor  on  a  gun-type  oil  burner  and 
what  purpose  does   it  serve? 

26.  When  should   you  use  a   two-scage   fuel  oil  pump? 

27.  What  four   functions  does  the  nozzle  serve  on  the  gun-type  oil  burner? 

28.  What   is  a   likely  cause  of  a  gun-type  burner  puffing  upon  start-up? 
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MaintiiLnin»3  nn  Oil-Fired  Warm  Air  Furnace 

tJsinq  the   followin«j  procedures,    remover   dismantle,   reassemble  and    install  a  warm 
air  furnace   located   in  the  student  performance  area.      Draw  required  tools   frt^m  tool 
cabinet.      Inspect  the  tools  to   insure  good  condition  and  correct  numbers.     Have  unit 
check«"d  by   ins  true  t«:>i:  after   it  has  been  disassembled.     Assemble   the  unit  and  rorrect  th*? 
electrical  controls  to  the  unit. 

MOTE:     Have  instructor  check  before  closing  electrical  switches. 

Removing,    Di sassemb L i ng r   Cleaning,   Adjusting,    Reassembling  and  Operating 

an  Oil-Fired  Warm  Air  Furnace 


WHAT  TO  DO 


HOW 


CAUTIONS 


I.   Make  sure   unit  has  been 
secureti . 


2.   Pull  back  transformer. 


Loosen  screws. 


3.    Disconnect  wires 


Wh  i te-Common ;  Black-Motor 


4.   Remove   flex  conduit 
from  burner. 


Remove  locking  nut  on 
condu  it  connector. 


Disconnect  fuel  Line 
from  pump. 


Use  an  open-end  wrench  of 
appropriate  size. 


Be  careful  of  copper  tube 
connectors;   don't  bend  or 
cross   thread.     Make  sure 
oil   has  been  turned  of!:. 


6.   Remove  burner. 


Remove   three  nuts. 


Do  not  spill     il   from  pump 
NOTE:     Take  burner  to  work- 
bench . 


7.   Remove  electrical  con- 
trols,  conduit  and 
w  i  r  i  ng  . 


Disconnect  wires  from  con- 
trols,   remove  conduit  lock- 
nuts.     Remove  conduit  with 
wires,   pull  wires  out  of 
conduit  and  give  the  wires 
to  the   instructor .  Remove 
combination  control  stack 
switch   (if  applicable ) ,  and 
burner  mounted  primary  con- 
trol   ( if  applicable ) • 


Controls  will  be  used  for 
wi r i ng  project . 


8.    Kemovo  :^tack. 


\*ay   to  side  of  furnace. 


Do  not  disassemble  the 
stack . 


9.    Inspect  and  clean  fur- 
nace and  heat  exchanger  < 


Check  heat  exchanger  for 
corrosion  and  holes* 


Use  ragsr  foxtail  or  vacuum  a 
to  clean.  \ 
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WHAT  TO  DO 


HO-; 


CAUTIONS 


10.    Pull  burnrfc  and  inspt?ct 
coinbu St  ion  chamber. 


11.   Remove  transformer. 


Uso  an  open-end  wrench  oC 
appropriate  s  ize . 


Test  transformer  using 
ohmmo  to  r . 


If  anythin(}  is  found  wron<^ , 
i  nform    insLruc  t<>t- . 


12.   Disconnect  oil  line 

from  pump  to  fuel  tube. 


Use  line  wrench  of  appro- 
priate size. 


Be  careful  of  copper  tub« 
connectors;   do  not  bend  or 
cross  thread. 


13.   Remove   fuel  tube, 

electrode  and  nozzle 
assembly • 


Loosen  screw  and  pull  out 
whole  assembly. 


Tliose  burners  with  fire 
eye,   slip  fii*e  ey«  to.o^e 
side.  .  \ 


14.    Remove  electrodes. 


Loosen  nut  and  release 
porcelain  and  pull  back 
through  de flee tor . 


V 


15.   Clean  Gl<ictrode 
ar;:^oinbly . 


Diesel  oil  or  No.  2  fuel 
Shi  no  e  lectrode  tips*. 


Do  not  remove  screws;  be 
carefuJ    not   to  damage 
PORCELAIN   insula^iors . 


Use  a   rag    (silk  preferred), 
No  abrasives;   carbon  on 
porcelain  will  cause  elec* 
trical  shorts. 


16.    Remove  nozzle  from 
adapter. 


17.    Disassemble  and  clean 

noz:^le;  remove  strainer, 
remove  nozzle  stem  and 
i  nspect . 


Two  wrenches  of  appropriate 
size.  / 


Screwdriver  and   S/S"  boxend 
wrench,    soak   in  diesel  oil 
or  No.    2  fuel  oil,  clean 
with  soft  wood  or  plastic. 


Using  only  one  wrench  will 
loosen  adapter  from  fuel 

nozzle  pipe. 


Do  not  clamp  nozzle  in  vise 
and  crush   tip.      Do  not  use 
metal  to  clean  nozzle.  It 
might  enlarge  holes  and 
distort  slots* 


IB.   Assemble  nozzle. 

Insert  stem.     Clean  or 
replace  strainer  screen. 


19.   Clean  nozzle  adapter 
and  nozzle  pipe. 


Hand  tighten  strainer 
screen.     Use  diesel  oil  or 
hot  soap  water  and  low 
pressure  air.     Cinch  nozzle 
in  place  snugly. 


Swab  out  with  diesel  oil 
and  rags. 


<^et  small  parts  together. 
Stem  must  not  be  wedged 
into  place  or  it  will  cut 
off  the  flow  of  oil. 


Remove  all  lintj  be  careful 
not  to  damage  threads. 


20.    Replace  nozzle. 


Use  TWO  wrenches,  turn 
clockwise . 


Securely^  tighten  in  place. 


21.   Replace  electrodes. 


Snap  in  electrode  rods; 
hand   t ighten  rod   to  proce- 
lain.     Tighten  scrtiws  in 
deflector  1 ightly • 


Electrodes  must  be  able  to 
move  in  order  to  be  ad- 
justed . 
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WHAT  TO  DO 


22.   Adjust  electrodes. 


Move  electrode  so  that  t ips 
be  1/8"  apart  and  1/2" 
above  center  of  noz zle , 
Electrodes  must  extend  out 
from  nozzle.     Tighten  de- 
ll lector  screws.  Tighten 
rods  to  porcelain. 


Kiectrodes  must  not  come  in 
contact  with   the   fuel  oil 
spray.      Distance   ther;(i  ex- 
tend depends   upon  spray 
angle.      Do  not   tighten  de- 
flector screws   too  ti'j'it 
and  crack  porcelain. 


nozzle  cHiJ  electrode 
assembly • 


If  appliCfiblor  rr.»pl.io<'  r  i  r« 
eye. 


24 »    Rrmovi*  »;t!Mi  ner  from 


pump,  clean 
back  in. 


an J  put 


i^se  an  open-end  wrench  of 
appropr iate  size . 


Use  diesel  oil  or  hot  soapy 
water  and  low  pressure  air. 
Replace   if  necessary. 


25.    Insert  burner  into  com- 
bustion chamber. 


Insert  burner  air  tube  into 
hole  provided   in  combu s t ion 
chamber,    slide  burner  for- 
ward so  end  of  air  tube  is 
flush  with  ins ide  wal 1  of 
f  irebox . 


Make  sure  burner   is  level 


26.    Insert  wires  and 
install  controls, 


Kollow  wir  Ln*j  diagrams, 
r e  Ce r  to  i  n s  1 1  u c  t o r  f o r 
help. 


All  wire  connections  must 
be  made  with  wire  nuts. 


27.    Install  transTormeL. 


28.   Connect  electrical 
supply . 


29.   Connect  fuel  supply. 


For  wiring  system,  refer 
to  instructor  for  help. 


With  two  open-end  wrenches, 
connect   flexible  copper 
tubing   fuel   supply  to  inlet 
connection  of  fuel  pump. 


Insure  electric  source  is 
that  required  by  nameplate 
110-volt  ac,    60  cycle. 


Do  not  cross  thread 
fittings. 


30.   Start  burner  with 

instructor  present  and 
observing  operation. 


Close  electrical  switch 
(c  ircu  it).     Se  t  the  thermo- 
stat to  call   for  hea t . 


Plug  into  electrical  out- 
let. 


31.   Perform  combustion 
analysis. 


32.  Test  operate. 


Adjust  sliding  air  shutter 
to  establish  a  good  flame. 
Using   fyrite  and  combustion 
ef f  iciency  graphs . 


Run  burner  a  few  minutes  and 
visually  check  appearance  of 
f lame . 


Flame  should  be   long  and 
lazy  if  fire   is  raw  or 
stringy — too  much  air; 
smoky,    not  enough  air. 
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WHAT  TO   DO  HOW  CAUTIOf^S 


3  3.   Troubleshoot  furnace  As  per   in>:;truction»  given 

control  system.  by  instructor. 


NOTE:     Check  controls  by  lowering   thermostat  setting,   which  will  secure  thu  burner 
Wait  Col    fan  switch   to  secure  fan  and   then  set  thermoKt^t  to  call  again. 


34.   Secure  burner.  Turn  down  thermostat. 


35.   Secure  electrical  power.       Unplug  unit. 


36.   Secure   fuel  supply  line.       Close  valve  next   to  furnace.      Be  sure  oil  supply  pump  is 

off. 
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Figure  7.       Circuitry   for  an  Cil-Fired  Warm  Air  Furnace 
With  Protector  Relay  Primary  Control 
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OIL   FIELD  SPACE  HEATERS 

OliJKCTI  VE 

This  workbook  was  designed  to  guide  you   in   identifying  the  procedures   for  removim, 
installing  and  maintaining  oil    fired  space  heaters. 

i>k()Ch:i3URe 

exercise  1 

Oil-Fired  Space  Heaters 

Complete  the   following  statements. 
I.     Name  the  types  of  oil   fired  space  heaters. 


2.     List  the  three  main  parts  of  the  natural  draft  pot  type  burner, 


i.     The  maximum  amount  of  oil   that  should  be   in  the  pot  i< 


4.  The  only  safety  device  on  the  oil    fired   spcic:(?   hoaLf-»r    Is  the 

5.  What  is  the  purpose  of  the  manual  control  knob? 


6.     The  most   important  part  of  the  fuel  oil  control   valve   is  the  .  whyl 


7.     What  starts  and  stops  the  flow  of  oil  to  the  fuel  oil  control  valve? 


.      rr    flame   failure  occurs,    what   must  be  done  before   rest^irting   the  burner? 


9.     What  causes  draft  in  a  chimney? 


10.     What  device  helps  to  maintain  a  constant  draft? 
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DOMESTIC  AND  INDUSTRIAL  OIL  BURNERS 


OBJECTIVE 

Upon  completion  of  this  lesson,  you  will  be  able  to; 


1. 

Explain 
system • 

characteristics  of  oil 

,  theory  of  gravity 

and  forced 

fuel  oil  sypply 

2. 

Instal 1 

,  operate  and  ms-intain 

rotary  pumps. 

3. 

Inspect 

and  maintain  fuel  oil 

piping  systems. 

4. 

Perform 
replace 

preoperational  checks 
oil  furnaces- 

and  operate,  adjust 

,  maintain, 

troubleshoot  and 

INTRODUCTION 

The  Air  Force  uses  many  different  types  of  oil  burners.      In  this  study  ^uide  we 
will  cover  the  different  types  of  fuel  burning  equipment.      It  will  be  done  in  two 
sections . 

SECTION  I     —  Fuels  and  Fuel  Systems 

SECTION  II  —  Domestic  and  Industrial  Oil  Burners 


SECTION  I 
FUELS  AND  FUEL  SYSTEMS 
OBJECTIVE 

To  help  you  in  learning  the  types  of  oil  used  in  heating  installations,  including 
handling,  piping  systems  and  the  pumps  used  to  move  this  oil. 

INTRODUCTION 

Many  trees,   ferns  and  other  types  of  vegetation  have  grown,  died,  decayed  and  been 
covered  with  layers  of  the  solid  particles  that  form  the  earth's  surface*  Geologists 
believe  that  the  decomposition  of  these  minute  marine  growths  or  possibly  of  vegetable 
matter  in  some  cases  formed  the  oil  which  lies  trapped   in  pools  between  layers  of  the 
earth's  crust.     This  crude  oil  consists  of  complicated  combinations  of  carbon  and 
hydrogen  called  hydrocarbons. 


INFORMATION 

Characteristics  of  Oil 

Fuel  oils  are  derived  from  crude  petroleum.     This  crude  petroleum  is  a  mixture  of 
hydrocarbons  and  small  amounts  of  nitrogen,  sulfur,  and  vanadium;  the  amount  of  each 
substance  present  varies  with  petroleum  source.     The  various  products  derived  from 
petroleum,   including  fuel  oils,  are  separated  by  fractional  distillation.     This  is  a 
process  by  which  liquids  with  different  boiling  points  are  separated  from  solution  by 
repeatedly  evaporating  and  condensing  portions  of  the  mixture.     See  figure  4-1.  in 
general,  fuel  oils  can  be  divided  into  two  major  classifications;  distillate  and 
residual • 

^  Distillate  Fuel  Oils.     When  the  fractional  distillation  process  is  applied  to  crude 

^petroleum,  the  gaseous  and  light  substances  boil  off  first,   followed  by  the  gasoline, 
,  the  kerosene,  and  then  the  light  and  heavy  distillate  fuel  oils  ("gas  oils"). 
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Residual  Fuel  Oils.     When  marketed  as  a  fuel,    the  "bottom''  or  residual  material 
trom  the  distillation  process  is  called  residual  fuel  oil.     Since  crude  petroleums  from 
various  sources  differ  widely  in  composition,   there  is  considerable  difference  in  these 
oils.     In  general,   they  are  heavy,  dark  and  not  as  fluid  as  the  lighter  distillate  oils. 


Yields  of  refined  products  from  crude 
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Figure  4-1 

Commercial  Grade  Fuel  Oils.     Commercial-grade  fuel  oils  are  generally  classified 
according  to  physical  characteristics  and  use.     These  oils  are  intended   for  use  in 
various  types  of  "fuel-burning  equipment  under  various  climatic  and  operating  conditions, 
for  the  generation  of  heat  in  furnaces  for  heating  buildings,   for  the  generation  of 
steam,  or  for  other  purposes.     The  grades  covered  by  this  specification  are  intended  for 
specific  applications  as  indicated  below: 
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EXPLANATION  OF  TERMS 

ABSOLUTK  ZERO — Where  molecular  activity  ceases  (459.69*F). 
ABSORPTION — Process  of  absorbing,   to  take  In,   make  a  part  of. 

ACCESSORIES^  —  Items  not  essential,   but  adding  to  the  convenience  or  effectiveness  of 
something  else. 

ACCUMULATE — Collect,    to  Increase  In  quantity. 

ADJUSTMENT-~To  regulate,    to  bring  to  a  more  satisfactory  state. 
AGITATOR — Device  for  shaking  or  stirring. 

ALIGNMENT — Putting  Into  precise  position,   proper  positioning  or  state  of  adjustment  of 
parts. 

ALTITUDE--The  vertical  elevation  o±  an  object  above  sea  level. 

ANALYSIS — Identification  or  separation  of  Ingredients  of  a  substance,   separation  of  a 
whole  Into  Its  component  parts. 

ANALV^.clR — Device  used  In  analysis. 

ANEMOMETKR — Instrument  for  measuring  and  Indicating  the  force  or  speed  ot    the  wind. 
ANTHRACITE — A  hard  shiny  coal. 

AQUASTAT — A  controlling  device  actuated  by  water  temperature. 
ASBESTOS — A  fire-resistant  material. 
ASPHYXIATION — Death  because  of  lack  of  oxygen. 
ASPIRATOR — Device  used  to  create  a  suction. 
ATMOSPHERIC — Of  or  relating  to  the  atmosphere. 

ATOMIZATION  — Act  of  atomizing,   breaking  Into  fine  particles. 
AUT(>IIATIC — Self  acting. 

AUXILIARY — Providing  help,   functioning  in  a  subslcilary  capacity. 

BAFFLE--Use  to  dlrec*    flow  of  gases,    steam  or  warer. 

T3^!: ARING--A  machine  part  In  which  a  shaft  or  pin  turns. 

BIMETALLIC — Composed  ot  two  different  metals. 

BINARY — Something  constituted  of  two  things  or  parts. 

BITUMINOUS — Soft  coal. 

BLOWDOffN — Discharge,   drain  partially. 

BONDING — Adhesive  or  cementing  material. 

BTU — British  thermal  unit,    unit  of  heat  measurement. 

BURNER — Part  of  heating  unit  which  produces  flame. 

CAKING--T0  form  or  harden  Into  a  mass. 
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CMiIBRATION — To  determine,    a  mark  of  Rraduatlon,    the  act  or  process  of  catlbratlng, 
CAPACITY--Measure  of  content,   maximum  o\itput« 
CARBON — An  oKSontlal   part  of  coal  and  oil. 

C4UBON  010X11)13 — A  gas  consisting  of  one  part  carbon  and  two  parts  oxygen  (CO2). 

CARBON  MONOXIDE — A  gas  consisting  of  one  part  carbon  and  one  part  oxygen  (CO). 

CATHOniC  PROTKCT [ON--Ueduct ion  or  prevention  of  corrosion  of  a  metal   surface  usi.j  an 
electrical  current  flow. 

CRL8IUS — Therraometrlc   scale,    the  Interval  between   freezing  and  boiling  is  divided  into 
100  degrees. 

CENTIMETER — fdetric  measurement  equaling  0.39  inch;   0.01  of  a  meter. 
CENTRIFUGAL — Going  or  acting  In  a  direction  away  from  a  center  or  axis. 
CHARACTKHISTIC — Traits,    qualities  or  properties. 

CHIMMBY--Vort ical  structure  enclosing  a  flue  that  carries  off  combustion  gase«, 

CIRCUIT--The  eomplot«?  path  of  an  electrical   current  usually   Includlag  the  source  of 
electric  energy. 

CIRCULATE — To  move,   usually  in  a  circle,   circuit  or  orbit. 

v^iiASSIFICATION — Division  of  a   larger  category. 

CLASSIFIED--nivlded  into  classes. 

COEFFICIENT — A  number  that  serves  as  a  measure  of  sora*^  property  or  characteristic. 
COMBINATION — Two  or  more,  together. 
COMBUSTION — Burning. 

COMPKNSATING — Making   up    f<3r  something. 
COMPONKNT — A   part  of. 
COMPOSITION — Made  up  Of. 

CONCENTRATION — Act  of  steam  turning  back  into  water. 
CONDUCTION — The  act  of  conveying  heat  through  an  object - 
CONDUCTIVITY — Ability  to  conduct. 
CONSTANT — Always  or  lasting* 

CONSUMER — A  unit  which  uses  steam  or  hot  water. 
CONSUMPTION — The  usage  of  steam  or  hot  water. 
CONTROL — Having  power  over- 

CONVECTION — The  act  or  process  of  conveying. 
COOLING-^Reduclng  the  temperature. 
CORROSION — Act  of  eating  away  by  degrees. 
COUNTERWEIGHT — An  equivalent  poundage. 
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CSG--Commerclal  Standard  Grade  (grades  of  oil). 
CYCLE — A  sequence  of  a  recurring  succession  of  events. 
I^DAMPKR — A  plate  used  to  regulate  the  flow  of  air  or  gases. 
DE-ENERGI2K — Remove  the  energy  from. 
DEMARCATION — The  set   limits  of. 

DENSE — Having  high  opacity,   crowding  together  of  parts,  thick. 
DESKjM — Plan  or  purpose. 

DETKRIORATIOM--The  loss  of  strength,    form  or  usefulness;   to  grow  worse  In  quality. 
^    DIAMETER — A  straight  line  through  the  center  of  a  circle. 

DIAPHRAGM — Thin  membrane  divider  or  partition. 
^    DIFFERENTIAL--The  difference  between  two  points. 

DIFFUSERS — Device  used  to  regulate  velocity. 

DIFFUSING — The  act  of  regulating  the  velocity  of. 

DILUTES — Reducing  the  strength  of. 

DISASSEMBLING- -Taking  apart. 

DISSIPATE — \  >  cause  to  spread  out  or  spread  thin  to  the  poin*:  of  vanishing. 

DISTILLATE — Light  grade  oils  produced  by  distillation. 

DISTINCTIVE — Having  or  giving  style. 

DISTRIBUTION — Giving  out  or  supplying  portions  of. 

DOMESTIC — Relating  to  the  home  or  family. 

DOWNDRAFT — Supply  of  air  received  down  through  a  chimney. 
EFFICIENCY — Measurement  of  operation  or  ability. 
ENERGIZE — Give  energy  to. 
I!:qUALIZE — To  make  equal. 
EQlJILIBRnjM — Balance. 

EQUIPMENT--Implements  used  in  an  operation  or  activity. 
ESSENTIAL--Necessary . 
EXCESSIVE--Golng  beyond  a  limit. 

EXCHANGER--Devlce  used  to  change  heating  mediums. 
EXHAUST — Already  used  once,   to  discharge,   to  draw  off. 
'3XPANSI0N--Increase  in  size  or  volume. 
EXTINGUISHED — Put  out  or  killed. 

FAHRENHEIT — A  thermometric  scale  on  which  the  boiling  point  is  212*  and   freezing  Is  32*, 

FERRULE — Ring  or  metal  put  around  a  slender  tube  or  shaft  to  strengthen  It  or  prevent  It 
from  splitting. 
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FIXED  CARBON — Nonvolatile  carbon  In  coal  and  oil. 
FLARKD — A  spreading  outward* 
FLKXIBLR — Bendable  or  pliable. 
FLUCTUATION — Changing  from  a  norm. 

FLUE — An  enclosed  passageway  for  convoying  combustion  gases  to  the  outer  air. 
FLUE  GAS — Combustion  gas. 

FURNACE — ^Where  initial  combustion  and  burning  of   fuel   takes  place. 

GAUGE — Instriment  with  a  graduated  scale  for  measuring  or  indicating  quantity. 

GRAVITY~-Force  that  draws  objects  toward  the  center  of  the  earth. 

GROUNDING- -The  act  of  or  an  object   that  makes  an  electrical   connection  with  the  oarth. 
HEADER — Pipe  or  tube  shared  by   two  or  more  objects  or  devices. 
HEATING- -In creasing  the  temperature. 

HOPPER — Usually   funnel-shaped  receptable  for  delivering  coal. 

HORIZONTAL--Paral  lei   to  the  horiiion. 

HUMIDIFIER — Device  usou   to  increase  the  humidity. 

HUMIOESTAT — Device  used  to  sense  humidity. 

HUMIDITY — Moisture  in  the  air. 

IGNITION — Act  of  setting  on  fire. 

IMPURITIES — Something  not  pure  or  inakes  something  else  not  pure. 
INDUSTRCAL — Relating  to  Industry. 

INEHT--flavi  n^T  no  inherent  power  of  action,   motion  or  resistance. 
INFILTRATION — To  pass  into  or  through  by  filtering  or  permeating. 
TNOPERATIVK--Not  functioning. 
INSERTION — Act  or  process  oC  inserting. 
INSULATE — Protect  or  cover. 

INTENSITY- -The  magnitude  of  force  or  energy. 
INTERMITTENT — Coming  and  going  at  intervals- 

LATENT  HEAT — Heat  that  cannot  be  measured  with  or  by  a  thermometer. 
LIBERATES — Sots  free. 

LIGNITE — A  brownish  black,  woody  structured  coal* 
LPG — Liquefiod  petroleum  gases. 
LONGITUDINAL — Placed  or  running  lengthwise. 

LOUVER — An  opening  provided  with  slanted  fixed  or  movable  fins  to  allow  flow  of  air. 
LUBRICATE--T0  make  slippery,  usually  with  grease  or  oil. 
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MANIFOLD — Ileadnr. 
MANUAL — Operates  by  hand. 
ImANUFACTURED — Artlf Ically  produced* 
MKCMANICAL — Operated  by  a  machine* 
MECHANISM — Mechanical  operation  or  action. 
MEDIUM--  A  means  of  effecting  or  conveying  somethi-g. 
MOrSTUKK — Wetness, 
NATIJRAI. — Made  by  nature. 
^    NON -RECESSEU — Not  set  into. 

NOZZLE — A  projecting  spout,    terminal  discharging  pipe. 
^   OBSTRUCTION — Blockage. 

OPERATING — Causing  a  function  to  take  place. 
ORIFICE — Hole  or  opening. 

OXYGh:N---A  gas  wilthoat  color,    taste  or  odor,   and  is  a  chemical  element  (O). 
PARTICLE — One  of   the  minute  subdivisions  of  matter. 
PASSAGE — Channel,    course,    tunnel  or  corridor. 
PERIMETER — The  boundary  of  a  closed  plane  figure. 
PERIODIC — Fixed  Interval  between  set  times. 

ERTINENT — Relevant  or  applicable. 
PILOTSTAT — Control  oa  the  fuel   line  of  a  pilot. 

PIPETTES — A  narrow  glass  tube  into  which  the  liquid   is  drawn  by  suction. 

PLENirM--An  enclosed  space  in  which  the  air  pressure  is  greater   than  the  outside 
atmosphere. 

POLLUTION — Impure  or  unclean. 

POHCKLAIN — Ceramic  that  is  hard,    translucent  and  white. 
r^RKCI  PITATOR — Device  used  to  cause  to  separate  or  condense  • 
l>KKnKTEUMINED--Dooiaod  or  cliosen  beforehand. 
PRRLIMINARY — Something   that  precedes. 

PRESSURE/PRESSURIZING — Force  exerted  over  a  surface  divided  by  its  area. 
PROPELLER — A  device  that  drives  or  forces  forward  or  onward. 
PROPORTIONAL — Having  the  same  or  constant  ratio. 
PULVERIZED — Reduced  to  very  small  particles. 
PURGE — Clean  out. 
QUANTITY — Amount   (how  many). 
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RADIANT — Rml  ntfvi  <>r  t  ran.-^mi  t  terl  by  rudiation, 

R ADIAT10N--Energy   radiated   in  waves  or  partlcler, 

RADIATOR — Nest  of  pipes  or  tubes  used  to  heat  by  radiation. 

REASSEMBLE — Put  back  together. 

RECIRCULATE,   RECIRCULATING — Moving  something  back   through  system. 
RECTANGULAR--naving  or  resembling   the  shape  of  a  rectangle. 
REFERENCK--ConsuI tation  of   sources  or  information. 
REFRACTORY — Heat  resisting  nonmetallic  cerajnic  material - 
REGULATE — To  control  something. 
RRCiULATOU--Dovlce  which  regulates. 
RESPONSE — Reply   or  reaction. 
RESTRICT — To  limit. 

RETURN — To  bring,    send  or  come  back  to  the  starting  point  or  place. 
ROTATION — The  turning  of  a  body  on  an  axis- 
SATURATION — Moisturizing  to  the  maximum  limit. 
S EM IB I TUMI NOUS — A  type  of  coal. 

SENSIBLE  HEAT — Heat  that  can  be  felt  or  sensed. 

SHUTOFF — Something   that  stops  the  flow  of  gas,   water  or  oil. 

SLAGGING — The   flowing  together  of  coal  impurities. 

( 

SMOKE  P[PE--The  vetit  pipe  usoil   to  romovo  smoke  and  gases   from   the   firebox  of  a  furnace 
or  boiler. 

SOLENOID — An  electromagnetic  valve  switch. 

SPONTANEOUS — Without  external  stimulus - 

STABILIZER — Substance  that  prevents  chemical  change. 

STATIC  ELECTRICITY — Electricity  produced  by  atmospheric  conditions  or   various  natural  or 
man-made  electrical  disturbances. 

STATIONARY--Fixed,   not  moving. 

STCKER — A  machine  for  feeding  a  fire. 

STRAINER — Device  used  to  remove  impurities  from  water  and  steam  lines. 
STRATIFICATION — Act  or  process  of  stratifying. 
SUPPLY--TO  provide  for. 

SYNTHETIC    INTOXICATION — Artificial  intoxication. 

SYSTEM — An  asseralDlage  or  combination  of  things  or  parts  forming  a  complex  or  unitary 
whole- 

TEMPERATUUE--A  measurement  of  heat  in  degrees  Fahrenheit  or  Celsius. 
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TENSION — Condition  or  degree  of  being  stretched  to  stiffness. 

THERMOCOUPLE — Thermoelectric  couple  used  to  measure  temperature  differences. 
THERMOPILE — Multi-thermoelectric  couples. 
THERMOSTATIC--Controlled  by  temperature. 
THROTTLED — Decreasing  the  flow. 

TRANSFER — Move  something  from  one  place  to  another. 
TROUBLESHOOTING — Looking,    in  a  logical   sequence,    for  a  problem. 
TURBULENT — Causing  unrest,    violence  or  disturbance, 

V  VAPORIZATION — Act,    process  or  state  of   being  vaporl^.od. 

VAPORIZ ING--T0  convert,    by  hea   Ing  or  spraying.    Into  a   fine  mist  or  vapor. 

V  VELOCITY — Quickness  of  motion, 
VELOMETER — Device  used  to  measure  velocity. 
VENTILATION — Circulation  of  air. 

VENTURI — Funneled  tube  used  to  measure  flow. 
VISCOSIMETER — Device  used  to  measure  viscosity. 
VOLUME — Space  occupied,  measured  in  cubic  units. 
VOLUMETRIC — Relating  to  the  measurement  of  volume. 
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GAS  BURNERS 


OBJECTIVE 


This  study  guide  was  designed  to  aid  you  in  operating  and   niaintalnLng  gas  burners. 


INTRODUCTION 

Natural  gas  is  an  ideal   fuel  because  it  burns  easily,    requires  comparatively  simple 
equipment,   and  is  clean.     It  is  a  comparatively  dangerous  fuel   because  it  mixes  easily 
with  air  and  burns  readily.     Extreme  care  must  be  exercised  to  prevent  or  stop  any 
loakagti  of  the  gas  into  an  unlit   furnace  or  into  the  boiler  room. 

Gas  pressures  vary  widely  and  are  UxSually   transmitted  at  a  pressure   too  hlt^h   to  bo 
used  in  a  heating  unit  without   reduction.     These  high  pressures  are  generally   reduced  to 
a  pressure   varying  from  two  ounces  to  approximately  30  pounds  per  square  inch  (psi) 
depending  upon  the  type  anc?  size  of   the  burner  used. 

The  reduction  in  pressure   is  accomplished  by  a  pressure  regulator  valve,   which  when 
once  adjusted,   will   maintain  a  fixed   pressure  to  the  burner  as   long  as  the  main  line 
pressure  remains  above  the  set  pressure  of  the  regulating  valve. 

After  the  gas  is  reduced  to  the  proper  pressure  at  the  regulating  valve,    it  is 
forced  out  of  an  orifice  or  tip  called  a  spud.     The  gas  draws  air  along  with  it  and  is 
discharged   into  a  burnar  where  the  gas  and  air  are  mixed  and  burned.     Air  may  be 
supplied  to  the  burner  at  atmospheric  pressure,   or  the  burner  may  be  encased  in  a  duct 
and  air  supplied  to  it  under  pressure  by  a  blower. 

Unlike  oil,   gas  is  realy  for  combustion  when  it  is  delivered  to  the  burner;  thus, 
the  function  of  the  gas  burner  is  that  of  proportioning  and  mixing  the  gas  and  air. 

This  study  guide  will  provide  you  specific  information  concerning  gas  burners  under 
the  following  main  topics: 

—  Characteristics  of  Gas 

—  Gas  Piping  Systems 
Types  of  Regulators 

—  Theory  of  Construction  of  Gas  Burners 

—  Gas  Burner  Systems  Maintenance 

—  Safety  Procedures  for  Operating  Gas  Burners 


INFORMATION 


Gaseous  fuels  are  usually  classified  by  the  source  from  which  they  originate,  which 
in  turn  determines  their  chemical   composition.     The  heat  value  varies  with  the  type  of 
gas  being  used  and  will  determine  the  quantity  required   for  the  specific  capacity  of  the 
heating  system.     In  the  United  States  there  are  several   types  of  gas.     The  ones 
principally   in  use  are  natural   gas,    liquified  petroleum  gases   (LPG),   manufactured  or 
by-product  gases,    and  biomass. 

NATURAL  GAS.     Natural  gas  is  by   far  the  most  important  gaseous  fuel   for  commercial 
applications.     Its  high  heating   value  gives  it  a  considerable  economic  advantage  over 
r<ilatlvely  expensive  manufactured  gases.     Natural  gas  is  produced   in  more  than  30  states 
and  widespread  pipeline  networks  make  it  available  in  some  parts  of  nearly  every  state. 


Characteristics  of  Gas 


Gas 
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Fran  the  staiuipolnt  of   tronblo-f ree  performance  and  ease  of  handling  and  control, 
natural  gas  offers  many  advantages  that  make  It  the  most  desirable  ' f  all  heating  fuels. 
It  Is  generally  available  In  a  wide  range  of  pressures  to  meet  the  requirements  of  both 
large  and  small  Installations. 

Natural  gas  Is  colorless  and  odorless  in  Its  natural  form; 
odor  Is  added  to  this  ga.s  as  a  safety  factor  to  warn  of  leaks, 
than  air  and  upon  escaping  rls<3S  and  inl?ces  with  air. 

Composition  of  natural  gas  varies  with  the  source,   but  methane   (CH4)   Is  always  the 
major  constituent.     Most  natural  gases  contain  some  ethane  (CgHg)  and  a  small  amount 
of  nitrogen.     Natural  gas,    like  all   gaseous  fuels,   mixes  readily  and   intimately  with  ai\* 
to  fono  a  clean  burnlag  combustible  mixture.     Since  natural   gas  Is  subst:;i  .t  lal  ly   frne  o^ 
ash,  combustion  l^^  practically  smokeless  and  there  are  no  boiler  slagging  or  air  i::ontan-" 
Inatlon  problems. 


however,   a  distinctive 
Natural  gas  is  lighter 


LIQUEFIED  PETROLEUM  GAvSES  (LPG),     The  principle  liquefied  petroleum  gases  are 
propane  and  butane.     They  are  closely  related  and  are  all  derived   from  natural  gas  or 
petroleum  refining  gas.     These  gases  are  on  the  borderline  between  a  liquid  and  i 
gaseous  state. 

In  its  natural  state  liquefied  petroleum  gas  Is  odorless,   colorless  and  tasteless. 
It   is  odorized  with  the  same  odorant  used  for  natural  gas.     Neither  natural   nor  odorized 
LPG  Is  poisonous.     Tlov/ever,   exposure  to  a  room  or  pitfiill  of  gas  causes  a  synthetic 
intoxication  and  finally  asphyxiation  (smothering)  results. 

Maintenance  for  liquefied  petroleum  fuel  systems  Is  practically  the  same  as  for 
natural  gas  fuel  systems.     Liquefied  petroleum  gas  Is  heavier  than  natural  gas  and, 
therefore,   quickly  settles  to  low  places.     For  this  reason,    all  valves  and  connections 
should  be  tight  to  prevent  gas  leaks.     Soap  solution  should  be  used  to  check  for  gas 
leaks.     Never  use  a  flajoe  of  any  kind. 

Since  these  gas  vapors  settle,   considerable  safety  hazards  exist  in  event  ot* 
leakage.     It  takes  only  two  to  nine  percent  of  gas  In  the  air  to  form  a  combustible? 
mixture.     A  larger  or  smaller  percentage  of  fas  In  air  makes  the  fuel  unburnable.  In 
the  liquid  state  or  as  pure  vapor,   the  gas  Is  not  combustible  or  explosive, 

PROl>ANE.     Propane   is  gone;  ally  available  by  bottle  or  cylinder  or  in  bulk  form. 
Propane  Is  usually  the  most  common  of  the  liquefied  petroleum  gases. 

BUTANE.      Butane  is  generally  not  available  In  bottles  or  cylinders  but  more  common 
In  bulk  form.      It   is  quite  common  to  have  propane  mixed  with  butane   to  obtain  a 
desirable  heat  value  and  boiling  point, 

CHARACTERISTICS  OF  LPG.     The  boiling  or  vapor  point  at  atmospheric  pressure  with 
necessary  heat  of  vaporization  added,    butane  will  boll  or  change   from  a   liquid  to  a 
gaseous  state  at  32*F.     In  other  words.    If  Its  temperature  Is  32*^  or  lower  and  the 
pressure  Is  atmospheric,   butane  will   remain  a  liquid.     To  convert  this  liquid  to  a 
gaseous  form,    the  boiling  or  vaporization  point  must  be  obtained.     The  boiling  point  of 
propane  Is  If  there  are  anticipated  freezing  temperatures,    propane  will  cause 

less  handling  difficulties. 

Liquefied  petroleum  gases  are  compressed  Into  suitable  containers  to  a  pressure  up 
to  200  pounds  per  square  Inch,  at  the  refinery.     At  these  pressures,   the  gas  Is  changed 
to  a  liquid.     When  the  gas  Is  used,    the  prssure  must  be  reduced  to  approximately  6  to  S 
pounds  per  square  inch.     This  reduction  In  pressure  causes  the   liquid  to  change  to  a 
gas.     Liquefied  petroleum  gases  are  readily  combustible  and  produce  an  Intense  heat, 

MANUFACTURED  OR  BY-PRODUCT  GASES.     This  group  consists  of   those  gases  that  are 
manufactured  by  converting  low  grade   liquid  and  solid  fuels  (oil,   coal,    wood  or  waste 
;.i,'^.terlal )  Into  gaseous  form  or  they  are  a  by-product  from  furnace  or  processing 
operations.     The  most  common  manufactured  gases  are  carbureted  water  gas,   oil  gas  and 
producer  gas.      They  are  ordinarily  used  at  or  near  the  production  point  since  high 
manuf act iiring  cost  rules  out  the  added  expense  of  distribution. 
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The  most  common  by-product  gases  are  blast  furnace  gas,    casinghopd  gas,    refinery  gas 
and  sewage  gas.     This  group  of  gases  is  usually  used  at  the  source  of  production  (oil 
fields,   refineries,   disposal   plants).     It  is  produced  in  varying  quantities,   must  be 
used  as  fast  as  It  is  produced,   and  can  be  piped  only  comparatively  short  distances. 
For  this  reason,   its  use  for  heating  is  limited  to  those  installations  aear  the 
producing  plant.     This  gas  carries  a  larg(^  amount  of   iust  and,    therefore,   must  be 
partially  cleaned.     Usually  heating  units  which  burn  blast  furnace  gas  are  dcsi^nat'^d 
with  oversized  combustion  chambers  since  large  quantities  of  gas  mu^5t  hti  burned  to 
obtain  a  minimum  amount  of  heat  due  to  low  heating  value  of   the  gas. 

BIOMASS.     Bioraass  is  generally  defined  as  organic  matter  capable  of  providing  heat. 
It  can  be  either  burned  directly  or  chemically  converted  to  a  burnable  fuel.  .Standing 
vegetation,   seaweed,    lumbering  wastes  and  wood  chips,   agricultural  wastes,  and 
combustible  municipal  wastes  (excluding  sewage)  are  all  considered  biomass. 

Conversion  of  biomass  from  either  farms  or  trash  and  garbage  to  liquid  or  gaseous 
fuels  is  technically  feasible,   but  most  applications  are  not  yet  economically  favorable. 
Problems  relating  to  collection,   transportation,   seasons,   guaranteed  availability,  and 
environmental   impacts  must  be  overcome  before  this  kind  of  use  can  be  expanded. 

Because  biomass  is  expensive  to  collect  and  transport,    the  most  likely  users  will  be 
rural   industries  and  utilities  located  near  available  resources,   along  with  the  biomass 
producers  themselves.     Utility  interest  in  bioconverslon  has  increased  considerably. 
Tho  number  of  bioconverslon  projects  increased  48  percent  between  1979  and  1980  as 
several  utilities  began  assessment  studies  or  large-scale  demonstration  projects. 


These  are  systems  that  deliver  gas  from  a  source  of  supply  through  a  large 
distribution  system  to  the  services  that  are  using  this  gas.     Below  is  a  description  of 
each. 

Feeder  Mains.     These  lines  deliver  the  gas  from  the  source  of  supply  to  the  district 
regulator.     The  pressure  necessary   to  operate  these  lines  vary  from  501bs  to  thousands 
of  pounds.     They  are  used  to  transport  the  gas  only. 

Distribution  Mains.     Distribution  lines  distribute  gas  from  the  district  regulator 
throughout  the  installation.     The  amount  of  gas  pressure  used  in  these  lines  is  only 
enough  to  overcome  the  friction  and  turbulence  loss.     The  pressure  range  for  a  distri- 
bution system  is  from  1   1/2  to  50  psi. 

Service  Lines.     A  gas  service  line  extends  from  the  distribution  line  to  the  point 
of  consumption  (building,   house,  etc.).     Since  the  service  line  is  attached  to  the 
distribution  line  then  the  amount  of  gas  pressure   in  the  service  line  is  the  same  as  the 
distribution  line.     Therefore,    it  is  necessary  to  install  a  device  on  the  line  to  reduce 
the  pressure  to  the  amount  necessary  for  the  system  it  is  servicing.     This  device  is 
called  a  gas  pressure  regulator. 

In  order  for  a  gas  supply  system  to  operate  properly  two  types  of  piping  systems 
have  been  designed.     They  are  called  Loop  and  Radial.     The  design  of  both  these  systems 
determine  the  amount  of  pressure  necessary  for  the  proper  operation. 

Loop.     The  loop  system  is  the  better  of   the  two  because  it  "loops"  around  the  city, 
base,   etc.     By  looping  the  system  you  can  isolate  a  section  at  a  time  and  still  not 
effect  the  operation  of  the  rest  of  the  system. 

Radial.     In  a  radial   piping  system  one  line  supplies  gas  to  numerous  buildings  off 
the  main  line.     This  type  of  system  generally  needs  to  operate  at  a  higher  p^^essure  than 
tho   loop  system  because  of  the  long  dead  ends.     Also,    in  order  to  isolate  a  section 
might  require  shutting  off  the  gas  to  half  the  system. 


When  locating  new  gas  lines,    safety  should  be  the  main  item  in  construction.  Lines 
should  not  be  located  in  unventilated  spaces,   such  as  under  floors,   concealed   in  walls, 
extending  through  attics,   etc.     A  gas  leak  in  a  confined  area  not  ventilated  may  cause 
an  explosion.     Whether  gas  lines  are  located  above  or  below  ground,   they  should  not  be 
exposed  to  freezing  weather. 


Gas  Piping  Systems 


Gas  Lines 
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Due  to  the  low  pressures  usnd   In  gas  systems,    steel  pipe  and    fittings  of  malleable 
Iron  or   forged  steel  niay  be  used. 

Gas  pipen  should  be  securely  fastened  and  supported  with  hooks,   straps,   bands  or 
hangers  at  intervals  of  not  more  than  eight  to  ten  feet,    depending  upon  the  pipe  size. 

Gas  lines  from  the  main  supply  to  the  burner  should  be  graded  at   least  one  inch  for 
every  50  feet  of  pipe.     The  main  gas  valves  should  be   installed  outside  of   the  building 
so  that  it  could  be  easily  accessible  in  case  of  a  fire  within  the  building.     The  trend 
in  present  day  building  construction  places  both  the  main  gas  valves  and  gas  meters  near 
the  outside  of  the  new  construction. 

The  roaster  shutoff  gas  valve   is  usually   located  in  the  gas  supply   line  at  the  point 
where  the  line  enters  the  building  or  installation.      It  is  used  to  shut  off   the  gas  to 
the  heating  unit  or  units.      The  pressure  regulator  is  usually   installed  next   to  the  gas 
shutoff   valve*      It  is  used  as  a  station  to  reduce  the  high  gas  pressure  in  the   line.  In 
some  cases,    the  gas  pressure  may  be  reduced  through  several  stations,   each  station 
reducing  the  pressure  slightly.     This  is  done  so  that   if  one  station  fails,    the  re^t  .yt 
the  stations  would  have  some  control  over  the  flow  or  pressure*      The  gas  meter  is 
usually  installed  in  the  line  next   to  the  pressure  regulator.     Its  purpose  is  t:  record 
the  amount  of  gas  used. 

Liquefied  Petroleum  Gas.     Liquefied  petroleum  gases  are  readily  combustible  and 
produce  an  intense  heat.     In  their  pure  state,   they  are  odorless;  hov^ever,   an  odorant  Is 
added  to  insure  detection  in  case  of  a  leak  in  the  tank  or  piping. 

Liquefied  petroleum  gas  supply  systems  are  similar  to  natural  gas  supply  systems. 
However,  the  liquefied  petroleum  gas  is  obtained  from  a  tank  located  near  the  heating 
unit  while  natural  gas  is  piped  from  gas  fields. 

Installation  procedUi  or  the  supply   line  from  the  tank  to  the  heating  unit  are 

similar  to  those  for  natu*    ^  gas.      In  most  cases,   the  pressure  regulator  and  main  valve 
are  located  in  the  line  near  the  tank.     No  gas  meter  is  utilized  in  this  system. 
However,    a  gas  gauge  located  on  the  tank  serves  to  indicate  the  amount  of  gas  in  the 
tank . 

Maintenance  for  liquefied  petroleum  fuel  syst«ns   is  practically  the  same  as  for 
natural  gas   fuel  systems.     Liquefied  petroleum  ga.*--  is  heavier  than  natur   '    gas  and, 
therefore,   quickly  settles  to   low  places.      For  this  reason,    all  valves  and  connections 
should  be  tight  to  prevent  gas  leaks. 

Leak  Detection.     Gas  pipes  should  never  be  used  as  part  of  an  electrical  ground 
system  —  cold  water  pipes  are  preferred. 

When  placing  a  new  installation  into  service,    a  leak   test  should  be  made  at  each 
connection  with  the  system  under  pressure.     A  solution  of  soapy  water  should  be  applied 
by  brush  at  each  joint  to  check   for  gas   leaks.      If  a  gas  leak  exists,   a  soap  bubble  will 
form  at  the  leak. 

CAUTION:     Never  use  a  lighted  match  or  candle  to  check  for  gas  leaks,   since  the 

escaping  gas  is  apt  to  ignite  causing  an  explosion  and  possibly  a  fire. 


Components  and  Controls 

Control  Systems 

Oas-fired  burtiors  may  be  equipped  with  any  number  or  combination  of  manual  as  well 
as  automatic  control  devices. 

The  simplest  control  syst^  available  for  a  burner  is  one  which  is  equipped  with 
only  a  »aanual  gas  shutoff  valve.     A  burner,   with  a  system  of  this  type,   must  be  ignited 
when  the  gas  shutoff  val  e   is  turned  on.     The  use  of   this  system  is  hazardous,  because 
of  escaping  gas  in  case  the  burner  is  accidentally  extinguished. 
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Some  burner  control  systems  may  be  equipped  with  the  same  manual   gas  shutoff  valve 
as  the  former  system^   but  with  an  added  feature  of  a  pilot  light •     A  system  of  this  type 
is  much  more  convenient  than  the  system  with  only  the  gas  shutoff  valve,   because  the 
pilot  light  which  burns  continuously  is  used  to  light  the  main  burner  when  the  gas  shut- 
off  valve   is  turned  on.     However,    this  system   is  Just  as  hazardous  as  the  system  tliat 
does  not  use  the  pilot  light. 

Other  burner  systems  employ  the  use  of  the  pilot  light,    thermocouple  and  some  typo 
of  automatic  gas  valve  to  control  the  burner.      In  this  system,   when  the  pilot  light  is 
extinguished,    the  automatic  gas  valve  shuts  off  the  gas  flow  to  the  main  burner,   but  not 
to  the  pilot   light.     However,    the  gas  valve  will   not  open  until   tho  pilot   light  is 
ignited  again.     The  escaping  gas   from  the  pilot   light  1r  assumed  to  be  nogllglble  and 
will  be  carried  away  by  the  flue  of  the  heating  system  (natural  gas  only). 

Still  other  gas  burner  systems  use  a  combination  control  arrangement  composed  of  a 
pilot  light,   pilotstat,   thermocouple  and  some   type  of  an  automatic  gas  valve,   as  11 lus- 
tr:itG>i  In    figure  l^l.     This  system   functions   in  a  similar  manner   to  tho  system   that,  does 
not  use  the  pilotstat  mentioned  in  the  previous  paragraph.     Tho   valve  type  pllr^tstat  is 
another  added  safety  feature.      Its  purpose  is  to  shut  off   the  supply  of  gas  to  the  pilot 
light  as  well  as  the  main  burner  if  the  pilot   light  is  extinguished.     To  relight  the 
pilot,    the  reset  button  on  the  pilotstat  must  be  reset. 

The  burner  control  systems  mentioned  are  by  no  means  the  only   types  used;   there  are 
many  more,   but  space  in  this  publication  does  not  permit  a  discussion  of  each  individual 
type. 


ROOM  THt'UMOSTAT 


Figure  1-1. 


An  Automatic  Gas  Burner  Control  System 
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Manual  Gas  Valve 


A  manual  gas  valve  on  a  heating  unit  Is  usually   Installed  next   to  the  pas  pr.^r.sur.- 
regulator.     It  Is  used  to  shut  off  the  gas  to  the  heating  unit   la  case  sSm^of  the 
ii4>ntrols  are  being  repaired  or  replaced. 


Pr ossuro  Regulators 


of  i-St^.rrr?^"^iH  devices  installed   In  the  gas  line  to   reduce  the  pressure 

Of  the  gas  to  that  which  is  necessary   for  the  system  coasuming  the  gas.      Regulators  ar- 
classified  by  the  method  of  loading. 

*®ieht  Loaded  Regulator.     See  Figure  1-2.     The  operation  of  a  weight-loaded  regu- 
lator is  fairly  simple.     As  gas  enters  the  bottom  chamber  under  the  diaphragm  pressure 

Jei^'.^t'^nf^in^  ^^'^  ^^'r  *?v,°'°^?  pressure  on  the  outlet  slL  dlJreases 

the  weight  of  the  arm  pushes  the  valve  open  allowing  more  gas  to  enter  and  the  wholp 
process  starts  over  again.     This  will  continue  until  the  gas  supply  is  shut  off. 


Figure  1-2.     Weight-Loaded  Regulator 


Spring-leaded  Regulators.  The  operation  of  a  spring-loaded  regulator  Is  the  same  as 
a  weight-loaded  except  that  it  uses  a  spring  to  act  as  a  counter  force  instead  of  a  dead 
*r^*^     Iv-  '"'^   regulator   is  used  generally  as  service  or  appliance  regulators 

where  they  maintain  gas  pressur.i  to  an  individual   buildin?r  or  appliance.      Figure  1-3* 
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OPTIONAL  OUTLET 


Figure  1-3.     Spring-Loaded  Regulator 


Pressure-Loaded   (Pi  lob-Operated)   Regulators.     The  operation  of   these  type  of 
regulators  is  controlled  by  a  pilot-regulator.     This  pilot   regulator  controls  the  power 
necessary  to  open  or  close  the  valve  rather  than  weights  or  spring  pressure.      See  Figure 
1-4. 

This  type  of  regulator  is  held  closed  by  spring  pressure  until  enough  gas  pressure 
builds  up  on  the  opposite  side  of  the  diaphragm.     This  force  must  be  greater  than  the 
spring  tensioa.     Therefore  the  counter-force  must  be  controlled.     This  is  done  by  the 
small   regulator  on  top  of  the  main  regulator.      It  "senses"   the  pressure  downstream  and 
thereby  controls  the  amount  of   pressure  exerted  on  the  top  of  the  diaphragm.  These 
regulators  are  used  mainly  on  the  distribution  mains  to  reduce  from  high  to  medium 
pressure. 


I 
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Figure  1-4.     Pressure-Loaded   (Pilot-Operated)  Regulator 


Expansible-Type  Regulators.     Expansible-type  regulators  use  a  pilot-operated 
regulator  as  previously  stated.     The  main  difference  is  that   there  is  no  longer  a 
diaphragm  or  spring.     This  regulator  uses  an  expancrble  tube.     By  controlling  the 
pressure  on  the  outside  of  the  tube  you  control  gas  tlow.     These  regulators  are  used 
mainly  for  the  distribution  mains  to  reduce  from  high  to  medium  pressure.     See  Figures 
1-5  'i     b,  c 
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Expansible  Tube  Regulator  - 


Closed  Position 


Expansible  Tube  Regulator  -  Throttling  Position 
1-9 


Figure  l-5c.     Expansible  Tube  Regulator  -  Open  Position 


Pllotstat   (Safety  Pilot) 

A  pllotstat  is  a  safety  device  usnd  on  certain  heating  units  which  shuts  off  the 
flow  of  gas  to  the  main  burner  if  the  pilot   light  fails. 

The  thermoelectric  pllotstat  shown  in  figure  1-6  will  break  the  circuit  to  the  main 
gas  control  valve  causing  it  to  close  and  remain  closed  if  the  pilot   flame  Is 
extinguished.     This  action  is  satisfactory   for  use  on  standard  gas  Installations,  This 
unit  does  not  provide  for  100  percent  shutoff;   therefore,    it  should  never  be  used  with 
LP  gas. 
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Figuro  1-6.     Thermoelectric  Pilotstat 


The  valve  type  pilotstat  shown  in 
figure  1-7  will   shut  off   the  gas  supply 
to  the  main  burner  and  pilot  (100  per- 
cent shut  off)   if  the  pilot   flame  Is 
extinguished.     This  feature  is  required 
on  LPG  installations  and  Is  recommended 
for  the  other  types  of  gas. 


THERMOCOUPLE ' 
LEAD 

COUPLE  LEAD 
ATTACHING  NUT 
TERMINAL  STUD 

MAGNET 

ARMATURE 

HOOD  UNION  NUT 
GASKET 

VALVE  SPRING 
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•  outlet 


WRENCH  HEX 
VALVE  BODY 
RfSET  SEAT 
RESET  BUTTON 


Figure  1-7.     Valve  Type  Pilotstat 

Automatic  Gas  Valve 

The  primary  control   for  a  domestic  gas  burner  Is  an  automatic   valve   that  opens  or 
cl<ises  In  re55ponse  to  the  thermostat  signals.     There  aie  tlir<»i»  common   typos  of  auto- 
matic t^as  valves.     The  three  types  are  Solenoid,   Diaphragm  and  the  Motori  /sed   gas  valves. 

SOLKNOID  GAS  VALVKS.     The  basic  principles  used  in  all   solenoid  gas  valves  are 
sinollar.     However,    the  design  of  each  individual   unit  differs.     The  two  most  common 
types  of  solenoid   gas  valves  are  discussed  in  the  following  paragraphs. 

Standard  Solenoid  Gas  Valve.     The  solenoid  gas  valve  shown  in   figure   1-8  if?  of  the 
electric  type.      It  is  suitable  for  use  with  ^as  furnaces,    steam  and  hot  water  boilers, 
conversion  burners,   and  Industrial   furnaces.     This  valve  operates  under  the  action  of 
either  a  thermostat,    limit  control,   or  other  device  that  closes  a  circuit  to  energize  a 
coll.     The  energized  coil  operates  a  plunger  cauaing  the  valve  to  open.     Whenever  there 
is  a  current  failure,    the  valve  automatically  closes,   causing  the  gas  pressure  in  the 
line  to  hold  the  valve  disc  upon  its  seat.     In  order  to  open  this  valve  during  current 
failure,    it  is  necessary   to  use  the  manual  opening  device  at  the  bottom  of  the  valve. 
When  electric  power  is  resumed,    place  the  manual  opening  device  in   its  former  position. 
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Figure  1-8.     A  Solenoid  Gas  Valve 


RecyclinK  Solenoid  Gas  Valve.     The  solenoid  gas  valve  illustrated   in   figure  1-9  may 
bo  UROd  with   the  same  kind  of  heating  equipment  as  the  standard   solenoid   gas  valve.  The 
dor?iRn  of  this   valve  differs?   from  the  standard   gas  valve,    in  that   it   is  equipped  with  an 
automatic  recycling  device,    which  allows  the  valve  to  be  switched   to  manual  operatirm 
during  current    failure.     However,    upon    the   resumption  of  electric   current,    this  valve 
auhoinat  i  eally    returns   to   the  <u>ntrol   of    the  thermostat. 

DIAPHRAGM  GAS  VALVE.     The  diaphragm  gas  valve,    illustrated   in  figure  1-10  may  be 
used   interchangeably  with  the  solenoid   gas  valve.      Its  main   feature   is  the  absence  of 
vjilve  noises  when  opening  and  closing.      In  this  type  of  diaphragm  valve,    the  polarized 
relay  energix.es  and  opens  the  three-way   valve  allowing  the  gas  to  flow  out  of  the  upper 
chamber  of   the*  unit.      Reducing  the  pressure  in  the  upper  chamber  in  this  nmnner  causes 
the  diaphragm  to   flex  upward  and  open  the  gas  valve.     When  the  polarized   relay  is  de- 
energized,   the  three-way  pilot  valve  allows  gas  to  flow  into  the  upper  chamber 
increasing  the  pressure,   and  thereby  closing  the  gas  valve. 

MOTORIZED  GAS  VALVE.     An  electric  motor  is  mo'ii.^ed  on  top  of  the  motorized  gas 
valve.     When  the  motor  is  energized,    it  holds   the  valve  open  in  what   is  known  as  the 
stalled  position;   when  it  is  de-energized,   a  return  spring  closes  the  valve.  The 
motor-^i/sed  valve  has  provision  for  manual   operation  when  required. 
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Figure  1-10.     A  Diaphragm  Gas  Valve 
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Combination  Gas  Valve 


The  combination  gas  control  valve  is  referred   to     s  a  combination  control   becanso  it 
contains  a  manual  main  and  pilot  valvo,   an  automatic  pilot  dovlce,    In  addition  to  the 
electrically-operated  diaphragm  type  automatic  gas  valve  and  a  pressure  r.-i/,iil  a  tor .  The 
pr<*ssure  regulator  Is  deleted  when  this  oontrol   Is  usiM  on  LP  gas. 


Mani  fold 

The  manifold  is  that  part  of  the  gas  line  which   feeds   gas  to  the  .spud   or  orifice. 
It  is  made  of  black  iron  pipe. 


Spud  ' 

The  spud  screws   Into  the  manifold  and  also  liousos  the  orifice. 


Ori  fice 

Thf^  orifice  screws  into  or  onto  the  spud.     It  could  also  be  screwed  into  the 
manifold  and  sll(i  into  the  spud.     The  size  of  the  orifice  determines  the  amount  of  gas 
that  will  go  to  the  burner.     To  change   the  burner  output,    you  would  have  to  change  the 
ori  fice. 


Theory  and  Construction  and  Operation  of  Gas  Burners 

Gas  burnerss  may  be  classified  according  to  the  pressure  of  the  gas  supplied  to  the 
burner  or  by  the  manner  in  which  the  gas  and  air  is  mixed.     As   there  is  no  fine  line  of 
distinction  between  these  methods  of  classification,   we  will  discuss  both  methods  used 
for  classifying  gas  burners. 

Usually  gas  burning  systems  are  classified  according   to  the  gas  pressures  each  one 
uses.     These  are:     high  pressure  and   low  pressure. 


Supply  Pressure  Method 

The  low-pressure  systems  are  generally  designed  for  relatively   low  capacities  and 
operate  with  a  natural  gas  pressure  of  approximately  two  ounces  to  three  pounds. 

The  high-pressure  systems  operate  with  a  gas  pressure  of  approximately  one  to  30 
pounds.     These  systems  are  usually  equipped  with  an  air  blower  which  supplies  air  under 
pressure  for  combustion.     The  piping  used  for  the  high-pressure  systems  is  usually  the 
same  as  that  used  for  the  low-pressure  systems.     However,   special  emphasis  is  placed  on 
tightness  of  the  joints  and  pipe.     Welding  is  often  used  to  insure  tightness. 


Mixing  Location  Method 

PREMIXING  BURNER.      (Figure  1-11)     Although  gas  burners  are  generally  classified 
according  to  the  pressure  they  use,   they  can  also  be  classified  according  to  how  each 
mixes  the  gas  and  air  together.     In  the  preralxi-»g  type  burner,   air  (primary  air)  passes 
through  the  air  shutter  and  meets  with  the  gas  in  the  mixing  head.     They  are  mixed 
together  in  the  throat  and  complete  their  mixing  as  they  flow  through  a  tube  called  the 
mixing  tube  or  venturi  tube.     The  mixed  gas  and  air  then  flows  to  the  burner  head. 
Additional  air  (secondary  air)  is  requireii  for  complete  combustion.     Burners  of  this 
type  vary  from  the  common  atmospheric  burner  used  in  gas  appliances  to  the  high-pressure 
gas  burners  used  for  Industrial  purposes.     Another  type  of  preraixing  burner  is  in  figuro 
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Figure  1-11.     Preralxing  Burner 


Ports 

The  ports     are   located  on  the  burner  head  and  are  where  the  gas  and  air  mixture 
comes  out  of  the  burner.     There  are  four  main  types  of  burnei'  ports:     raised,  slotted, 
(Irllleri  and  ribbon. 

PI  lot  Light 

A  gas  pilot  light  In  a  gas  heating  unit  is  a  small  continuous  burning  flame  that 
lights  the  main  burner  during  normal  operation  of  the  heating  unit.      It  Is  located  near 
the  main  burner. 

The  gas  flow  to  the  pilot  light   in  some  cases  Is  s»ipplied  by  a  small  manually 
op'.'rnted  gas  shutoff  valve  located     on  the  main  gas  lino  above  the  main  gas  valve.  In 
other  cases,    the  gas  may  be  supplied  from  the  pilot  tapping  of  a  solenoid  gas  valve  as 
shown  In  figure  In  more  expensive  heating  units,   gas   for  the  pilot   light  may  be 

supplied  by  a  pllotstat. 

NOZZLE-MIXING  TYPE.     (Figure  1-12)     In  this  type  of  burner,    air  and  gas  are 
separated  and  do  not  mix  until  they  are  released  to  the  combustion  chamber.     In  some 
burners,    the  velocity  of  the  gas  emerging  from  the  individual  burner  Jets  is  used  to 
draw  the  primary  air  into  the  combustion  area;  others  utilize  draft  fans  to  supply  the 
incoming  air  (primary  air)  stream.     An  example  of  this  style  of  design  is  the  register 
type  gas  burner.     This  design  is  also  widely  used  in  the  combination  gas  and  oil  burner. 

Combination  gas  and  oil  burners  are  used  for  the  purpose  of  firing  two  different 
fuels.     This  does  not  mean  that  both  types  of  fuel  are  burned  at  the  same  time. 
Usually,   the  fuel  that  is  the  most  abundant  or  the  cheapest  is  used  during  production 
hours,   while  the  other  fuel  may  be  used  for  standby  operation. 
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Figure  1-12.     Nozzl o-Mi xi ng  Gas  Burner   for  Low  Pressure 


Combination  gas  and  oil   burners  are  usually  round   in  construction  as  illustrated  in 
figure  l-13a.    b,   and  c      T»i(j  complete  burner  may   be  mounted  either   in   the    front  or  rear 
f?r   tht^  comhustlc^n   chamtinr  oF   the  hoatliu-   unit.      Gas  nr  oil    burners  an?   connected  with 
unions  or   flexible   tublnii;   so   that   the  burners  can  be   removed   or  chan^^ed  easily. 


Fipu-e  1-1 3a.     Combination  Oil  and  Gas  Burner 
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Figure  l-13b.     A  Register-Type  Burner  With         Figure  l-13c.     A  Register-Type  Burner  With 
Gas  Orifices  Centered  in  Airstream  Gas  Manifold  Dividing  Airstream 


Inspection  and  Cleaning 

Gas  burners  should  be  inspected,   noting  the  appearance  of  the  gas   flame.     A  yellow 
flame  indicates  the  air  passages  are  partially  restricted,   and  that  carbon  is  being 
formed  by  the  resulting  incomplete  combustion.     This  carbon  mast  bo  removed    from  the 
flame  by  adjusting  the  flov  of  air. 

Inspect  the  burner  orifices,    and  correct  any   condition  which  restricts  gas   flow  or 
which  changes  the  direction  of  gas  flow. 

Examine  the  interior  of  the  combustion  chamber  and  passages   in  the  heating  unit  for 
soot  and  carbon  formation.     There  should  be  no  formation  of  soot  when  burning  gas.  Such 
formations  indicate  poor  flame  adjustment. 

Maintain  the  main  burner  flame  at  a  blue  color  with  a  yellow  tip.     It  should  be 
stable  and  not  in  contact  with  the  burner  tiles,    ports,   walls  or  boiler  tubes.  Below 
are  helpful  hints  in  the  operation  of  gas  burners. 

Directly  or  indirectly,   the  pilot  light  is  usually  the  cause  of  most   inoperative  gas 
burners.      Improper  positioning  of  the  thermocouple  or  thermopile  and  excessive  flue  and 
chimney  draft  conditions  account   for  the  greater  share  of  faulty  pilot   light  troubles. 
The  pilot  flaiBe  should  be  of  sufficient  length  to  heat  the  thermocouple  and   ignite  the 
main  burner  without  delay.      It  should  be  of  a  blue  color,   without  a  yellow  tip.  A 
yellow  flame  indicates  improper  combustion  and  forms  soot  on  the  thermocouple  insulating 
it  from  the  heat  of  the  pilot  light.     A  thermocouple  must  be  kept  clean,   and   the  proper 
amount  of  heat  must  be  supplied  to  it,    in  order  that  it  may  produce  a  sufficient  amount 
of  electricity  to  operate  either  a  pilotstat  or  gas  valve.     Excessive   flue  draft  draws 
the  pilot  light   flame  away   from  the  thermocouple.     This  condition  causes  improper 
heating  of  the  thermocouple.     Also,  a  short  pilot  light   flame  may  not  heat  the  thermo- 
couple sufficiently   for  the  thermocouple  to  produce  a  current. 
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INFORMATION 


Safety 


Obst^rve  these  safety   procautions  when  starting  any   gas-fired  equipment: 

  Make  sure   that  the  room   In  which  the  equipment   is  Installed   is  free   from  gas. 

The  gas  can  be  accumulated   through  leakage,    accidental  opening  of   fuel  valve, 
and  failure  of  the  pilot.     Odorized  gases  can  be  detected  by  smell,   but  mt\ny 
gases  are  odorless  and   require  the  use  of  an  explosion  meter  or  soap  solution  to 
detect  them.     The  metor   Is  similar  to  those  used   In  detecting  the  explosive 
mixtures  la  empty  gasoline  tanks  and  detecting  the  presence  of  a  gas  in 
hazardous  quantities.      All  gases  used  by   the  USAF  for  heating  arr>  odorized. 

 Inspect  gas  piping,   valves  and  controls   to  make   sure  they   are  in  the  best 

condition  and  In  good  working  order. 

 The  furnace  must  be  purged  by  establishing  an  airflow  if  median  Leal  1  y  hanciled. 

In  the  case  of  thenatural  draft,    check   the  flow   of  air  and  determine  the 
presence  of  any  obstructions  which  may  be  in  the   flue  and  chimney  passai^es- 

 Ignite*   th(^  burner  according   tn  manu  f  act  urer '  s  instructions. 


Preliminary  Inspection 

Make  sur<*   the   following   prc-start  requirements  are  fulfilled: 

  All   installation,    repair  and  cleanup  work  completed. 

  Installation  tested  for  leaks. 

  All  combustion  safeguard  controls,   safety  controls,    programming  controls,  and 

combustion-control  system  components  installed,    tested  and  ready   for  service. 

  Gas  supply  system,    feedwater  system  and  controls,    and  draft  system  ready  for 

opera  t  i  on . 

  Condensate  drained    Crom  gas  piping,   and  piping  system  purged  of  air.  Correct 

gas  pressure  at  burner  gas  header. 


Starting  Up  Procedures   for  Large/Small  Units 
Proceed  as  follows: 

 Start   the  Indiced-d  ra  f  t    r;>n  or  open  the  boilor  uptake  damper   (If  applicable). 

  Start  the  forced-draft   fan  (if  applicable). 

  Purge  the  f'xrnace  and  setting  for  at  least  five  minutes  at  the  rate  of  one- 
fourth  normal  airflow.     Open  registers  of  other  burners.     Adjust  furnace  draft 
to  about  0.3  inch  of   water   (negative).     Set   register  air  pressure  at  0.2  to  0.5 
inch  of  water  pressure   (positive).     The  best  values  will  have  to  be  determined 
from  experience,   since   they   vary   for  different  installations. 

- —  Vent   the  gas  burner  supply   heater  through   tho  vent  piping  until    the    first  burner 
is  in  operation.     Open  vent  va Ive  just  enough  to  al low  good  pressure  and  flow 
control   by  the  pressure  controllers  and  automatic   valves.     Set  the  pressure  in 
the  burner  header  and  the  pilot  gas  header  at   the  correct  values   for  the 
particular  burners  and   pilots  In  use. 


Operating  Procedures 
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  Insert  a   lighting  torch  through   the  lighting  port  of   the  burner  In  the  direct 

path  of  the  gas  to  be  discharged  from  the  pilot  burner,   or  the  ma  1  ti  burner  If  a 
pilot   1}3  not  used.     An  adequate  torch  can  be  made  by  wrapping  1/2  Inch  asbestos 
rope  with  wire.     Store  the  torch,    remove  It   from  the  container  and   Ignite  the 
oil-saturated  asbestos*     Extinguish  the  torch  by  immersing  the  asbestos-wrapped 
end  la  an  oil  container*     Leave  torch  in  this  position  In  container  for  future 
use.     Never  attempt  to  llgnt  one  burner  from  another  burner  in  service  or  from 
hot  refractory. 

  Open  the  pilot  gas  valve  and  ignite  the  pilot  gas  with  an  electric   Igniter  or  a 

regular  torch.      After  the  pilot  burner  is  l^^nlted,   open  the  main  gr.s  valve  and 
Ignite  the  main  burner  gas  with  the  pilot  burner. 

  If  the  main  burner  does  not  ignite  within  ten  seconds,   or   if   the  torch,   pilot  or 

main  burner  flames  blow  out,    close  the  burner  and  pilot  gas  valves  immediately. 
Before  attempting  to  relight,   purge  the  furnace  and  setting. 

  After  the  burner  is  lit,   readjust  the  airflow  and  gas  flow  for  correct  flame 

shape,    locations  and  color.     The  flame  should  be  blue  with  a  yellow  tip*  It 
should  be  stable  and  should  not   impinge  on  the  burner  tiles,   burner  parts,  rear 
wall,   side  wall  or  boiler  tubes. 

  When  lighting  additional  burners,    follow  the  same  procedure.     Check  and  adjust 

header  gas  pressure  as  necessary* 

Firing  Procedure 

Important  points  in  the  operation  of  gas  register  burners  are  as  follows: 

  Control  heat  airflow  by  adjusting  dampers  or  changing   fan  speeds.     Use  the 

burntir  air  registers  to  control    flame  shape,    not  the  volume  of  airflow. 

 Adjurst  the  gas-air  flow  ratio  to  obtain  minimum  excess  air  with  zero  CO  in  the 

flue  gas, 

  Maintain  a  furnace  draft  of  about  0*10  inch  of  water  (negative). 

  Gas  supply  to  the  furnace  is  regulated  by  the  gas  pressure*     Control    firing  rate 

by  changing  gas  pressure  or  the  number  of  burners  in  service  to  tuoet  the  demand* 

  Keep  individual  burner-gass  valves  wide  open.     Change  burner  header  pressure  by 

a  control   valve  at  the  header  inlet. 

  Restrict  air  supply  to  pilot  burners  to  produce  a  slightly  yellow  flame*  This 

flame  is  stable  and   Is  not  as  likely  to  go  out  when  subjected   to  high  draft. 

Shutting  Down 

Proceed  as  follows: 

  Shut  off   the  gas  to  the  burner  by  closing  the  individual  gas  burner  valve. 

 Partially  close  the  air  register  to  reduce  the  airflow  as  nect  ssary   to  protect 

the  register  and  burner  parts  from  overheating. 

  Move  the  gas  burner  and  ignition  cone  as  far  back  as  the   flexible  gas  hose  con- 
nection permits* 


Measuring  Gas  Pressure 

It  is  necessary  to  set  gas  pressure  at  a  certain  number  of  pounds  per  square  inch, 

since  a  burner  may  be  designed  for  a  specific  pressure.     Also,    it   is  more  economical  to 

use  gas  at  a  low  pressure  providing  the  heating  unit  will  produce  maxltnum  heat. 
Usually,  gas  pressure  may  be  adjusted  at  the  pressure  regulator. 

To  determine  gas  pressure,   various  vacuum  and  pressure  gauges  may  be  used.     Some  of 
the  most  Important  gauges  are  the  manometer,   Bourdon  type  gauge  and  bellows  type  gauge. 
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Ma  nome ter 


A  mancMneter  Is  one  of  the  simplest  types  of 
gauges  for  measuring  pressure.     In  its  simplest  form 
it  consists  of  a  bent  piece  of  glass  tubing  which  is 
partially  filled  with  a  liq>iid.     It  has  a  scale  for 
meaj=;uring  the  distances  between  the  levels  of  the 
liquid  as  shown  in  figure  1-14. 

If  one  end  of  a  tube  is  connected  to  one  side  of 
the  manometer  and  the  other  end  is  connected  to  the 
gas  line,   the  pressure  of  the  gas  will   force  the 


liquid  down  one  side  and  up  the  other. 

A4.^^   ^ —  ,  Water  is 


 1    ^  v^^v.^  cLiMK*         w..^  .     You  measure 

the  total  distance  between  the  two  levels 


the  most  commonly  used  liquid  but  mercury 
used. 


can  ho 


The  manometer  is  an  accurate  pressure  gauge  but 
has  its  drawbacks  duv>  to  the  possibility  of  spilling 
the  liquid  or  of  breaking  the  glass  tubes;  although, 
some  are  made  of  nonbreakable  rmxterial.     Then,  too, 
manometers  are  limited  as  to  the  range  of  pressure 
which  can  be  measured  without  becoming  too  unwieldy 
to  handle. 

Rourdon  Gauge 


The  essential  eleme 
oval  metal  tube,  curved 
form  almost  a  complete 
the  other  is  connected 
be  measured.  The  appli 
tends  to  straighten  it, 
by  suitable  linkages  to 
graduated  dial.  The  dt 
to  read  directly  in  pou 
1-15  and  1-16. 


nt  of  a  Bourdon  gauge  is  an 
along  its  entire  length  to 
circle.     One  end  is  closed  and 
to  the  source  of  pressure  to 
cation  of  pressure  to  the  tube 
This  movement  is  transmitted 
a  needle  movi ng  over  a 
al   is  calibrated,   or  scaled , 
nds  per  square  inch.  Figures 


Figure  1-14.     Manometer  for 

Measuring  Gas  Pressure 

(Courtesy  of  The  Meriam  Instru- 
ment  Company ) 


At   lower  pressures,    that  is  a  few  ounces  per  square  inch,    the  Bourdon  tube  is  not 
sufficiently  accurate  for  satisfactory  measurement.     In  these  cases  a  guage  which 
utilizes  a  bellows  action  is  frequently  used   (Figure  1-17).     As  the  pressure  increases, 
the  bellows  expands  and  the  hand  is  caised  to  move  bv  a   linkage  connection   to  the 
bellows.     Likewise,   as  the  pressure  decreases,    the  uullows  contracts  and  the  hand  moves 
in  the  opposite  direction  indicating  a  decrease  in  pressure. 


T«'igure  1-15.     Exploded  View  of  Bourdon  Type  Pressure  Gauge 
(Courtesy  of  Manning,  Maxwell  and  More,  Incorporated) 
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Bourdon  Type  Guage  With  Figure  1-17.      Bellows  Type  Gauge  With 

Face  and  Hands  Removed  Face  and  Hands  Removed 

(Courtesy  of  Manning,   Maxwell  and  Moore,  Incorporated) 


SUMMARY 

To  summarize,   natural   gas  is  probably  the  most  Ideal   fuel  at  present.      It  burns 
easily,    requires  simple  burning  equipment,    and  burns  clean.      It   is  dangerous  though, 
because  of  the  explosion  factor.     Use  extreme  caution  when  working  with  it. 

Gas  burners  are  classified   by  the  pressure  of  the  gas  supplied   to  the  burner  and  by 
the  manner  in  which  the  gas  and  primary  air  are  mixed.     There  are  two  basic  types  of  gas 
burners:     the  premix'ing  and  nozzle-mixing  types. 

The  main  controls  for  a  gas  burner  assembly  are  a  manual   gas  valve,   a  pressure 
regulator,    a  pilotstat,    and  automatic  gas  valve,   a  pilot   light,    a  thermocouple,    and  a 
limit  control.      Also  a   thermostat  could  be  considered  a  part  of   the  gas  burner  asserably. 
The  automatic  gas  valve   is  always  the  gas  burner's  primary  control. 

Installation,   maintenance  arsd  operating  procedures  are  relatively  simple.  You 
usually  follow  manufacturer's  instructions  or  pertinent   local  directives.     Volumes  1  and 
2  of  AFM  85-12  also  contains  some   good  information. 

For  a  gas  burning  system  to  operate  properly  you  must   use  the  proper  pressure.  This 
Is  .ione  by  the  pressure  regulator.      If  the  pressure  is  not  correct  you  can  measure  the 
gas  pressure  with  a  Bourdon  gauge.    Bellows  type  gauge  or  a  manometer,   and  adjust  the 
re     la  tor  accordingly  . 
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QUESTIONS 

1.  Why  is  natural  gas  cor     veered  an  ideal  fuel? 

2.  What  is  the  usual  operating  pressure  for  a  high-pressure  gas  system? 
3*  What  does  a  yellow  flame  mean? 

4.  Whose  procedures  should  be  followed  when  removing  a  gas  burner  assembly? 

5.  How  is  gas  pressure  measured? 

6.  What  should  be  done  before  starting  up  a  burner? 

7.  What  is  a  pressure  regulator  and  what  is  its  purpose? 

8.  What  is  the  function  of  a  solenoid   gas  valve? 

9.  How  does  a  diaphragm  gas  valve  differ  from  a  solenoid   gas  valve? 

10.  What  is  the  function  of  a  pilot  light? 

11.  What  units  are  usually   included   in  an  automatic  gas  burner  control  system? 

12.  What  does  the  terra  *'100  percent  shutoff"  mean? 


REFKRENCKS 

I-     AFM  85-12,   Volume  T,    Operation  and  Maintenance  of  Central  Heating  Plants  and 
Distr ibut Ion  Systems . 

2.     AFM  85-12,   Volume  II,  Operation  and  Maintenance  of  Space  Heating  Equipment  and 
Systems,   and  Process  Heat  Utilization. 

3*     AFM  9-16,   Maintenance  and  Operation  of  Gas  Systems. 

4.     Natural  Gas  Distribution,    a  Home  Study  Course  by  Southern  Gas  Association- 
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GAS  SPACE  HEATERS 

OBJECTIVE 

To  holp  you   understand   the  different   types  of   gat-  jspaco  heaters  and  how  to  inspect, 
clnan  anrt  install  them. 


INTROnUCTION 

Gas-fired  space  heaters  are  used   for  heating  requirements  whenever  gas  is  available. 
These  heaters  are  clean  in  operation,    are  easily  operated,    and  require  no  fuel  handling. 
Either  natural,    manufactured,   or   liquefied  petroleum  gases  (LPG)   can  be  burned   in  these 
units. 


IMl'ORM/^TION 

Types  and  Applications  of  Gas  Space  Heaters 
and  Their  Construction  Features 

Gas  space  heaters  are  made  In  three  categories:      room  heaters,    wall  heaters  and 
f?.oor  heaters.     Room  heaters  are  made  both  In  vented  and   unvented  models,   and  the  other 
two  types  are  always  vented. 

Room  Heater 

A  room  heater  is  a  self-contained,    free-standing,    non— recessed ,   gas-burning,  air 
heating  appliance  intended   for  installation  in  ^he  space  being  heated  and  not  Intended 
for  duct  connection.     A  room  heater  may  be  of  either  the  gravity  or  mechanical  air 
circulation  type,   vented  or  unvented. 

UNVEMTED.     Unvented  room  heaters  should 
not  have  an  Input  in  excess  of  50,000  BTU  per 
hour.     Because  unvented  heaters  discharge 
their  products  of  combustion  Into  the  space 
be?ng  heated  as  well  as  getting  combustion 
nlr  from  the  same  space.    It  Is  essential 
that  they  be  used  in  well   ventilated  space. 

VENTED.     Vented   room  heaters   (Figure  2-1) 
are  defined  as  being  capable  of  removing  all 
of  the  flue  gases  through  a  single  flue  out- 
let.    These  heaters  may  be  designed  for 
gravity  circulation  of  air  or  may  Incorporate 
♦    fan  (either  factory  applied  or  added  as  an 
accessory)   for  Increased  air  circulation.  A 
vented  gas  room  heater  consists  of  the  burner 
and  controls,   heat  exchanger,   draft  diverter 
and  outer  cabinet.     Each  component  must  be 
connected  to  a  flue  or  vent. 


Figure  2-1.     A  Room  Space  Heater 

Wall  Heater 

A  wall  heater  is  a  self-contained  vented  heater  complete  with  grilles  or  their 
equivalent,   designed  for  Incorporation  in,   or  permanent  attachment  to,   a  wall,  floor, 
celling  or  partition,   and   furnishing  heated  air  circulated  by  gravity  or  by   fan  directly 
into  the  space  to  be  heated  through  openings   In  the  casing.     Such  heaters  should  not  be 
provided  with  duct  extensions  beyond  the  vertical  and  horizontal   limits  of  the  casing 
proper,   except  that  boots  not  to  exceed  10  Inches  beyond  the  horizontal   limits  of  the 
casing  for  extension  through  walls  of  nominal   thickness  may  be  permitted.     When  such 
boots  are  provided,    they  should  be  supplied  by   the  manufacturer  as  an  Integral   part  of 
the  heater  and  tested  as  such  in  accordance  with  these  requirements. 
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Floor  Heater 


A   floor  heater  is  a  completely   solf -contained  unit  susponded   from   the   Moor  of  iho 
rnaCG  being  heated,   taking  air  for  combustion  from  outside  this  space,   aad  liavinr 
fo.'  observing  flames  and  lighting  the  heater  from  such  space.     Floor  hentor^  nny  bo 
eitht-*'  trravity  or   forced.  *  *^ 


Construction  Features 

Since  gas  fired  space  heaters  burn  a  fuel  they  must  be  coastructed         tran-^r.^r  a-^^; 
much  heat  generated  as  possible.     They  contain  all   the  necessary  controls   to  burn  wl^h 
ga.s  and  they  must  have  a  combustion  chamber  and  heat  exchanger. 

Burners 

The  type  of  burners  used  in  gas  space  heaters  are  the  atmospheric  type  and  urr 
located   In  the  bottom  of  the  combustion  chamber. 

Combustion  Chamber 

The  combustion  chamber  is  where  combustion  of  the   !uel   tp.kes  place.      It   Is  called 
the  primary  heating  surface  because  this  is  where  much  of  the  heat  given  off  by  the 
burning  fuel  must  be  taken  off.     The  remaining  heat  goes  through  the  heat  exchanger. 

Heat  Exchanger 

The  purpose         the  heat  exchanger  is  to  collect  as  much  of  the  remaining  heat 
generated  and  transfer  it  to  the  surrounding  area.      Since  it  receives  what  heat  the 
combustion  chamber  does  not  take  out  It  Is  called  the  secondary  heating  surface. 

Casi  ng 

The  purpose  of  the  casing  Is  to  act  as  a  sleeve  arc  ind  the  combustion  chamber  and 
heat  exchanger.      It  provides  an  airspace  to  prevent  persons  from  getting  burned. 

Procedures  for  Removing,   Disassembling  and  Reassembling 

TT  4  /"i^®  space  heater,   the  variety  of  gas  space  heaters  manufactured  In  the 

United  States  makes  It  difficult  to  state  exact  procedures  for  removing,   d Isassombl Ine 
and  reassembling.     Manufacturers'    Instructions  should  be   followed  for  this  type 'of  work. 

Procedures  for  Inspecting  and  Cleaning  a  Gas  Space  Heater 

^^fil^i^'w'^  fB^""^  heaters  should  be  Inspected  and  maintained  according  to  a  schedule 

prescribed  by  AF  regulations  or  local  directives.     The  roof  Jacks  and  pipe  should  be 

examined  from  the  outside  as  well  as  the  Inside  of  the  building.     Any  noticeable 

deterioration  such  as  rusting,   broken  guys,   and  the  like,   should  be  reported. 

To  clean  soot  from  heaters,   take  the  casing  and  pipe  off  and   remove  gas  burner  from 
heater.     Some  elements  can  be  cleaned  by  simply  tapping  the  element  with  a  piece  of  wood 
to  loosen  soot,   which  can  then  be  removed  by  running  a  flexible  hose  from  a  vacuum 
cleaner  through  the  unit.      If  air  pressure  is  to  be  used  to  blow  out  soot,    first  move 
heater  out  of  building. 

Burners  and  heating  elements  also  soot-up  because  foreign  matter  gets  into  the 
venturl  tube  and  iaterferes  with  proper  flow  of  gas  and  air  causing  the  flame  to  burn 
yellow.     To  correct  this  difficulty,   remove  venturi  tube  and  burner  head  and  remove 
obstruction. 

Usually,   a  yellow  flame  is  caused  by  insufficient  primary  air.     This  may  be  due  to 
Improper  adjustment  at  the  air  mixer  or  loo  much   lint  or  other  matter  being  lodged 
against  the  opening  around  the  air  mixer.     Adjust  or  clepn  mixer  to  remedy  these 
difficulties.     Wlien  venturi  or  burner  is  clogged  w^ cooking  oil  and  fats,   clean  with 


boiling  water. 
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Installing  Gas  Space  Heaters 


All  gas^flrefi  space  heaters  and  their  connections  must  be  of   the  type  approved  by 
the  American  Gas  Association   (AGA)  and  must  be  installed   in  accordance  with  the  re(;om- 
mendations  of  the  National  Board  of  Fire  Underwriters, 

The  gas  pipe  used  to  convey  natural  or  manufactured  ^;as  to  the  space  heater  is 
usually  black  iron  pipe.     Tho  size  of  pipe  needed  depends  upon  the  following  factors: 

 Maximum  giis  cons  umpt  Ion  of    the  heater   (AGA  numrplatr?  ratlni;). 

  Length  of  pipe  and  number  of  fittings. 

 Allowablt-*  losR   in  pruHSure   from  buildlnt^  entry     o   tho  spac«;  hcat(?r. 

  Specific  gravity  of  the  gas. 

Capacity  tables  for  the   flow  of  gas  In  pipes,   in  cubic  feet  per  hour,   with  various 
pressure  drops  are  available  in  many  handbooks. 

Before  pipe  Joints  are  assembled,   all  pipe  ends  should  be  reamed  and  pipe  dope 
placed  only  on  the  male  threads.     After  piping  is  assembled.   It  should  be  fastened 
securely  to  prevent  vibration.     Care  should  be  taken  to  test  all  of  the  pipe  joints  with 
a  soap  solution  after  the  gas  is  allowed  to  flow  into  the  piping. 

Care  should  be  taken  to  properly  install  the  venting  system  for  gas-fired  space 
heaters  in  order  to  miniraize  the  harmful  effect  of  condensation  and  insure  that 
combustion  products  are  carried  away  by  the  pipe.     Approximately  12  gallons  of  water  are 
produced  by  burning  1000  cubic   feet  of  natural  gas.     The  inner  surface  of  the  vent  must, 
thcirefore,  be  heated  above  the  dew  point  of  the  combustion  products  to  prevent  water 
from  forming  in  the  flue  pipes.      Install  the  vents  with  the  male  ends  of   the  inner  liner 
down  to  ;'eturn  condensation  within  the  pipe  on  a  cold  start.     Horizontal    flue  pipes 
should  have  an  upward  pitch  of  at  least  one  inch  per  running  foot. 

Install  vents  for  combustible  framing  according  to  pertinent  local  and  Air  Force 
regulations.     Construct  vents  of  material  resistant  to  corrosion  by  flue  gas  products. 
Install  the  same  size  vent  pipe  throughout  the  entire  venting  system. 

NOTE:     Never  make  a  vent  smaller  than  the  heater  outlet. 

Each  gas-fired  space  heater  should  be 
erjuipped  with  a  draft  dlverter  or  hood, 
.shown  in  figure  2-2.     The  divorter   is  a 
type  of  an  Inverted  cone  through  which  the 
flue  gases  pass  on  their  way  to  the  chimney. 
Tho  cone  allows  air  from  the  heater  room  to 
bo  drawn   into  the  flue  pipe  along  with  the 
flue  gases.     The  purpose  of   the  draft  diver- 
t»or  is  to  prevent  a  chimney   from  producing 
>in  excessive  updraft  or  downdraft  condition. 
Cither  condition  is  apt  to  extinguish  the 
pilot  light  or  main  burner  flame. 


On  new  installations,   bleed   the  air 
from  gas  piping.     To  prevent   filling  the 
combustion  chamber  with  gas,   close  the 
inaln  gas  valve  on  heater  and  pilot  cock. 
Oisconnect  pilot    tubing  outside  the 
neater.     Open  valve  supplying  gas  to 
system  and  air  will  be  expelled  through 
the  pilot  line. 

When  all  air  has  been  removed  from 
the  system,   reconnect:  pilot   line.  Fol- 
low proper  sequence  of  this  procedure  to 
avoid  accidents. 


Figure  2-2,      A   OraPt  Olviirtr-r 
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To  adjust   riamo.   cAoHi^  air  mlxor  to  main  burner  until    flamo  biarns  vollow,    t»uMi  onon 
shutter  on  air  mU^.r  urttll   the  yellow  disappears.     InsuCriclent   i>rlinary  air  vausos  flamo 
to  burn  yoUow  and  results  In  sooting  of  the  unit  whon   flame  strikes  the  heating  unit. 
Too  much  primary  air  causes  inefficient  operation  and  will   sometimes  cause  flame  Ui  pop 
baek  In  air  mixer  resulting  in  a  yellow  flame  at  burner  head. 

The  majority  of  gas-fireU  space  heaters  used  by  the  Air  Force  are  manually 
controlled.     A  pilot  light  is  usually  provided  and  the  heat  turned  on  or  off  by  a  hand- 
oporated  valve.     If  the  pilot  is  extinguished,   escaping  lighter-than-air  gases  (natural 
or  manufactured)  rise  through  the  vent  and  dissipate  in  the  atmosphere.     Heavie r-than- 
air  gases  (liquefied  petroleum)  accumulate  in  the  surrounding  space  producing  a  health 
and  fire  hai-'.ard-     For  this  reason,   100  percent  shutoff  thermostatic  pilots  are  required 
on  space  heaters  using  liquefied  petroleum  gas.     The  term  '»IO0  percent  shutoff"  ^neans ' 
that  gas  flow  through  the  pilot  as  well  as  through  the  main  burner  is  shut  off 
automatically   if  the  pilot  light  Is  ext inguiRhed--100  percent  shutoff   is  operated   from  a 
thermocouple  operating  a  cutoff  valve- 
Operating  and  Adjusting  Gas  Space  Heaters 

oas-fiPfvl  space  heaters  are  o|>erated  accoroing  to  manufacturer's   ins  t  rue.  1 1  oris 
pertinent  local  directives. 


SUMMARY 

Gas-fired  space  heaters  are  'usually  used  when  gas  is  available  at  a  reasonable 
price.     They  are  clean  in  operation  and  require  a  minimum  of  attention.     Careful  instal- 
lation of  the  fuel  supply  pipes  and  heater  connections  is  necessary  to  prevent  the 
hazard  of  escaping  gas.     The  larger  gas-fired  heaters  require  installation  of  a  venllng 
system  to  cary  off  the  burned  gases. 

With  all  heating  systems,   except  small  portable  gas  heaters,  a  good  chimney  or  vent 
pipe  is  essential.     To  provide  proper  draft,   the  chimney  or  vent  pipe  connections  muse 
be  tightly  constructed.     Horizontal   runs  of  stovepipe  must  be  as  short  as  possible  and 
with  a  minimum  of  elbow  bends.     The  vertical  height  of  a  chimney  must  be  at  least  threo 
foot  higher  than  the  roof  line.     Since  warm  air  is  lighter  than  cold  air,   the  warm  alr^ 
(and  gases)   in  a  chimnoy  tend  to  rise.      To  provide  sufficient  draft,    there  must  be  no 
rostr  ictlon.s  in  the  upward    Clow  of  air. 

The  units  in  :    gas  burner  system  are  usually  designed  bv  the  manufacturer  who  will 
attempt  to  satisfy  the  user  with  lUs  product  and  its  operation  by  sending  the  proper 
literature  and,   if  necessary,  a  representative  to  correct  any  malfunctions. 

QUESTIONS 

1.  What  are  the  three  types  of  gas-fired  space  heaters? 

2.  Whose  standards  are  followed  when  installing  gas-fired  equipment? 

3.  What   is  used   to  provent  updraft  or  riowndrafts  on  a  gas-fired  space  heater? 
REPKRENCE 

AFM  85-12,   Vol  II,  Operation  and  Maintenance  of  Space  Heating  Equipment  and  Systems 
and  Process  Heat  Utilization  ' 
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OBJECTIVE 


SG  J3ABR54532  OOl-IV-3 

UNIT  HEADERS 


To  help  you  to  replace,    Install  and  maintain  unit  heaters. 


INTRODUCTION 


The  most  coinmon  heating  unit  that  you  will  be  working  with  aro  tho  unit  hoaters. 
There  are  several  types  of  unit  heaters  and  to  aid  you  In  learning  the  priaclples  of 
operation^  this  study  guide  Is  divided  Into  the  following: 

  Types  and  Application  of  Unit  Heaters 


Construction  Features  and  Component  Parts 


  Controls 


  Procedures  for  Removing,    Installing  and  Wiring  Unit  Heaters 

  Operating  and  Adjusting  the  Unit  Heater 


Tho   importance  of  unit  heaters  cannot  be  overcmpha.s  I  zed  slnco   they   arc*  used  on  all 
Air  Force  bases.     The  information  you  learn  from  this  study  guide  will  help  you  both 
here  and  in  the  future. 


INFORMATION 

Types  and  Application  of  Unit  Heaters 

Unit  heaters  are  classified  according  to  their  source  of  heat.     Under  this  classifi- 
cation,  there  are  five  types:     steam  and  hot  water  unit  heaters,   gas  and  oil  fired  unit 
heaters,  and  electric  unit  heaters. 


Steam  and  Hot  Water  Unit  Heaters 


Steam  or  hot  water  unit  heaters  (figure  3-1)  are  relatively  inexpensive  but  require 
a  boiler  and  piping  system.     The  unit  cost  of  such  a  system  generally  decreases  as  the 
number  of  units  installed  increases.     Therefore,   this  type  of  unit  heater  is  most 
frequently  used  in  new  installations  involving  a  relatively  large  number  of  units,  or  on 
existing  systems  which  have  sufficient  capacity  to  handle  the  additional   load.  High 
pressure  steam  or  high  temperature  hot  water  units  are  normally  used  only  in  very  large 
installations  or  where  a  high  temperature  medium  is  required  for  process  work.  Low 
pressure  steam  and  conventional  hot  water  units  are  usually  Installed   in  smaller 
Installations  and  in  those  primarily  concerned  with  comfort  heating.     Steam  or  hot  water 
unit  heaters  are  chiefly  used  to  heat  large,   unpart itioned  areas  or  commercial 
.structures,    such  as:      garages,    shops,    laboratorie.s,    stores,   base  exchanges,   and  rr\v  .  i 
halls. 


Figure  3-1.     Hot  Water  and  Steam  Unit  Heaters 
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GaB  and  Oil   Pi  r^d  Unit  Heators 


the  n^^^^'^r^rLt^^^^^^^  s.aU  installations  .here 

system,  or  where  Individual  metering  of'theTu:!  ZlptyTs  rS^lrer"'"  ' 

h. ....  in^i,„ost^r-rr.^Sat;rn'';jrrr/3re:rijrt    .sti  ^rTiiJ^:^^ 
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Figure  3-2.     Horizontal  Propeller  Figure  3-3      on  or  Too  pi 

Fan  Unit  Heater  figure  3  3.     Oil  or  Gas  Floor  Mounted  Centrl- 
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Construction  Features  and  Component  Parts 


The  unit  heater  is  a  compact,    factory-made  assembly.     The  essential  elements  of  a 
unit  heater  are  a  fan,   fan  motor,   a  heating  element,  and  an  enclosure. 

Fan 

The  fan  provides  circulation  of  air.     The  fan  can  be  of   the  propeller  or  centrifugal 
type. 

PROPELLER  FANS.      Propeller  fan  units  may  be  ci   the  hori:^iontal  blow-through  type, 
which  blows  air  through  the  heating  element;  or  the  draw-through  type,   which  draws  air 
through  the  heating  unit.      (See  figures  3-4  and  3-5) 


MOTOR 


FAN 


MOTOR 


»i  J' 


\  DIRECTIONAL 
sJ^OUTLET 


HEATING 
ELEMENT 


FAN 


ADJUSTABLE 
DIFFUSER 


HEATING 
ELEMENT 


Figure  3-5.     Propeller  Fan  Unit  Heater- 
Down  -Blow  Type 


Figure  3-4. 


Propeller  Fan  Unit  Heater — 
Hor i zon ta 1 -Bl ow  Type 


CENTRIFUGAL  FANS.     Centrifugal   fan  units 
may  be  of  the  smaller  cabinet  type  as  in  your 
small  domestic  warm  air  furnaces  or  larger 
industrial  units  which  are  illustrated  in 
figure  3-6. 

Fan  Motor 

The  fan  motor  is  electric  and  turns  the 

fan , 


fL^DIRECTIONAL 
OUTLET 


FAN  AND 
MOTOR 


HEATING 
ELEMENT 

RECIRCULATED 
AIR  INLET 


Figure  3-6. 


Floor-Mounted  Centrifugal  Fan 
Unit  Heater--Industrial  Type 
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Heating  Element 


The  hot  water  pnd  stejun  unit  heaters  use  a  fi.nned-tube  heating  olement.  The 
oll-flred  and  gas-flrod  unit  heaters  use  a  heat  exchanger,     Tho  electric  unit  hoater 
\ifies  an  electric  resistance  hen  ting  element.     The  heating  element  kIvos  off  boat  bv 
radiation*  ^  ■    ■  y 

Casing 

The  casing  houses  al.  parts  and  controls  of  the  unit  heater, 
Dlffusers  or  Outlet  Vanes 

The  dlffusers  direct  the  heated  air  where  it  is  needed.     Usually,    they  are 
adjustable  so  the  heated  air  will  not  be  blown  directly  on  the  r)ocnnfints  of  th^- 
building. 

Controls 

Operating  Cycle 

A  unit  heater  can  be  automatically  controlled  V.    thermostatic  control  of  fan  action 
or  control  of  the  heating-medium  flow.     Unit  heaters  which  provide  both  heating  and 
ventilation  (see  above)  usually  have  a  control  system  to  vary  the  heating  and  cooling 
effect  while  the  fans  are  operating.     A  room  thermostat  that  controls  both  a  regulating 
valve  and  a  damper  usually  provides  temperature  control.     The  regulating  valve  governs 
the  flow  of  heating  medium  to  the  heating  element;  the  damper  regulates  the  ratio  of 
cool  outside  air  to  recirculated  room  air  in  the  air  mixture  that  flows  through  tho 
heater.     The  operating  cycle  of  the  unit  ventilator-heater  consists  of  three  main 
periods. 

WARMING-UP  PERIOD.     The  controls  provide  rapid  warming-up.     With  heating  valve  wide 
open  and  the  damper  closed  to  prevent  entrance  of  outside  cool  air,   room  air  (100? >  is 
recirculated  and  heated  until  the  desired  temperature  ^v^vel  is  approached. 

HKATING  AND  VENTILATING  PERIOD.     As  the  room  temperature  approaches  the  desired 
level,   the  control  system  operates  the  recirculating  damper  to  vary   the  raMo  of  outside 
cool  air  to  recirculated  room  air.     Simultaneously,   the  regulating  valve  is  throttled  to 
control  the  hoat  supply.     The  combined  effect  of  the  damper  operation  and  the  throttled 
regulating  valve  maintains  the  desired  temperature  level. 

COOLING  AND  VENTILATING  PERIOD.     If  the  room  temperature  rises  above  normal,  the 
room  thermostat  actuates  to  completely  close  the  valve.     Then,    it  keeps  moving  the 
damper  until  100  percent  cool  air  operation  is  obtained,   if  necessary.     Usually,  the 
unit  has  control  devices  which  prevent  delivery  of  air  cool  enough   to  cause  cold  drafts. 
This  can  be  accomplished  by  an  insertion  thermostat  located  in  the  air  stream  beyond  the 
heating  element.     Frequently,  the  insertion  thermostat  is  set  at  60'F  and  takes  control 
to  prevent  the  discharge  of  objectionably  cold  air. 

Electric  heating  control  is  sinple  and  reliable.     Automatic  controls  usually  consist 
of  a  thermostat,   primary  controls,    limit  controls,  and  necessary  wiring  and  switching. 


Procedures  for  Removing,   Installing  and  Wiring  Unit  Heaters 
Reoioving  Unit  Heaters 

Unit  heaters  will  be  removed  according  to  manufacturer's  instructions. 
Installation  and  Wiring  Unit  Heaters 

INSTALLING  UNIT  HEATERS.     The  height  at  which  the  unit  is  mounted  affects  the  air 
temperature  distribution  and  heater  coverage.     Proper  mounting  heights  vary  with  unit 
designs.     However,  as  a  rule,  the  higher  the  location,   the  lower  the  blow  into  the 
occupied  zone.     With  very  high  locations,   it  may  be  necp'-sary  to  lower  the  outlet  air 
temperature  to  force  the  air  into  the  desired  spare      Figure  3-7  lllustrat(?s  the 
location  usually  recommended;  however,   specific  recommendations  should  be  obtained 
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from  the  manufacturer  of   the  individual  equipment.      Locate  unit  heaters  so   that  they 
discharge  heated  air  nearly  parallel   to  exterior  walls,    in  a  direction  that  will  produce 
a   rotational  circulation  around  the  room.     Assure  that  the  air  circulates  freely  to  the 
heater  intake. 

WIRING  UNIT  HEATERS.     Unit  heaters  will  be  wired  according  to  manufacturer's 
i  nst rue  t Ions. 

SAFETY  PROCEDURES-      Follow  applicable  safety  with  all   fuels  and     1  c?ct  r  let  ty .  Keep 
hands  away   from  fans.     Do  not  wear  loose  clothing  and   remove  watches,    rinps  and  other 
jewelry  when  working  on  unit  heaters. 
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Figure  3-7.     Unit  Heater  Location 
Operating  and  Adjusting  the  Unit  Heater 

Gas-Fired  Unit  Heaters 

Figure  3-8  Illustrates  a  gas-fired  unit  heater  consisting  of  the  following  elements: 
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Figure  3-8,     Typical  Gas-Fired  Unit  Heater:      Front  and  Rear  View 


Combustion  chamber. 

Atmospheric  type  gas  burners,  mounted  in  the  bottom  of  the  combustion  chamber. 

Heat  exchanger  tubes,   acting  as  radiators  and  extending  from  the  top  of  the 
combustion  chamber  to  the  top  collecting  chamber.     They  are  usually  streamlined 
in  cross  section  for  minicum  resistance  to  air   flow  and  maximum  heating  surface. 

Top  chamber  for  collecting  the  products  of  combustion   flowing  through  the 
radiators.     The  products  of  combust io\  (flue  gases)  are  conducted  to  a  downdraft 
diverter  and  vent   (rear  flue  connection). 

Motor-driven,   propeller-type  fan,  mounted  behind  the  radiators.     Usually,  the 
fan  is  directly  driven  by  the  electric  motor  and  is  mounted  on  its  shaft.  For 
low  speed  application,   however,   the  fan  is  belt-driven   from  the  motor.  Certain 
types  of  unit  heaters  where  air  must  be  moved  through  a  duct,   or  where  high  ait* 
velocities?  are  required,   use  centrifugal  blowers. 

Combustion  and  temperature  control  equipment.     These  include  the  thermostat, 
primary  controls,    limit  controls,   aiixiliary   controls,    transformer,  etc. 

Outlet  louverw  to  direct  the  air  stream. 
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OPERATION,      Air  for  combustion  enters  the  combustion  chamber  through  openings   In  bhe 
bottom  (natural  convection).     At  the  same  time,   the  fan  forces  the  air  to  be  heated 
across  the  radiators,  where  heat  from  the  combustion  products  Is  transferred  to  the  air. 
The  alrstream  Is  directed  by  the  outlet  louvers,  while  the  flue  gase«  leavo  the  heater 
through  the  rear  flue  connection, 

CONTROL,     Gas-fired  unit  heaters  have  the  same  controls  as  other  ga.-?  units.  They 
Include  a  safety  pilot,   thermocouple,   automatic  gas  valve,  and  thermostat.  The 
operating  cycle  Is  as  follows: 

  When  the  thermostat  calls  for  heat.    It  makes  a  circuit  that  opens  the  gas  valve. 

This  allows  gas  to  flow  Into  the  burner  which  Is  lit  by  the  pilot.     As  the 
temperature  rises  In  the  heater,   a  thermoelement  (preset)  makes  a  circuit  to  the 
blower  or  fan.     This  fan  blows  air  across  the  heat  exchanger  Into   the  space  to 
be  heated. 


 Ak  soon  as  the  thermostat   Is  satisfied,    the  circuit   to  th<*  >;as  v:il  v<*   Is  bri)k<Mi. 

This  causes  the  valve  to  close,   securing  the  fire.     The  fan  continues  to  run 
until  the  temperature  within  the  heater  drops  to  the  low  (fan  off)  setting. 


This  Is  one  complete  cycle. 


Hot  water  Unit  Heaters 


A  unit  heater  Is  a  heating  coll  supplied 
with  hot  water  used  to  heat  a  localized  area. 
Colls  are  usually  of  the  finned  type,   and  air 
Is  circulated  over  them  by  an  electric  fan. 
A  unit  heater  Installed  In  a  distribution 
main  is  illustrated  In  figure  3-9. 

The  maintenance  of  unit  heaters  Includes 
a  monthly  inspection  for  water  leaks,  clean- 
liness of  the  finned  colls,   and  the  operation 
of  the  fan  motor.     Other  accessories  which 
should  be  Inspected  are   the  traps,   air  vents, 
f:in  blades,   and  valves.     Repairs  should  be 
made  accordingly.     The  electric  fan  motor 
should  be  lubricated  monthly. 

STARTING  UP.     Check  motor  and  fan  rota- 
tion and  see  that  bearings  are  properly 
lubricated.     Gradually  admit  hot  water  to 
the  colls  and  blow  down  the  unit  to  remove 
accumulations  of  grease  and  other  loose 
materials  found  In  new  piping  systems. 
Start  the  fan  and  see  that  normal  speed 
(revolutions  per  minute)  Is  carried. 
After  piping  Is  cleaned,   supply  hot  water 
to  the  colls  by  proper  valve  operation. 


IF  PIPING  IS  NOT  ARRANGED  TO  REMOVE 
AIR  FIK)M  HEATER.  INSTALL  AIR  VENT 
AT  MKJH  POINT 


ELECTRIC  CIRCULATOR 
IN  RETURN.  ARRANGED  TO  RUN 
WHEN  FAN  RUNS 


PIPtfCG  FOR  UNPr  HEATER  INSTAUED 
ON  GRAVITY  HOT  WATER  SYSTEM-NO 
INDIVIDUAL  CIRCULATOR  NEEDED  ON 
A  FORCELXIRCULATION  SYSTEM 


Figure  3-9.     A  Unit  Heater  for  a  Hot 
\?ater  Heating  System 


f^JORMAL  OPERATION.     Maintain   adequate  flow  of  water  at  a  correct  temperature  to 
develop  rated  capacity.     Check  .aotor  and  fan  operation  for  excessive  noise  and  abnormal 
vibration  and  temperature.     If  spaces  fail  to  heat  satisfactorily,   check   tho  following: 

4 

Motor  Speedr     A  unit  running  at  a  speed  below  normal,  delivers  less  air.     See  that 
heated  air  Is  passing  through  the  unit  in  sufficient  quantity  to  deliver  rated  capacity. 

Water  Flow.     Make  sure  correct  amount  of  water  Is  flowing  through  the  colls  to  ful- 
fill capacity  requirements.     See  that  all  required  valves  are  open,   that  the  colls  are 
free  of  air  pockets,   and  that  there  is  no  obstruction  or  stoppage  of  flow.     Check  water 
pressure. 

Water  Temperature.     Water  supplied  to  the  unit  should  be  at  rated  temperature. 

Space  Heat  Loss.      If  the  unit  Is  delivering  Its  Intended  capacity,   check  the  space 
heat  loss  and  see  if  It  exceeds  the  capacity  of  the  heater. 
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Location  of  Heater.      Thero  are  horizontal   and  vortical   dlstanco   limits   in  the 
location  of  heatcirs.      Location  affects    flow  and  covera^o  of    th(»   unit.      Cheek  manufac- 
taror's   Instructions  and  nluirts. 

Shutdown.     Proceed  as  follows: 

  Close  the  water  inlet  to  the  unit. 

  Stop  the  motor. 

  Drain  the  unit  if  there  is  danger  of  freezing. 

Steam  Unit  Heaters 

Unit  heaters  used  in  steam  heating  Byste 
shown  in  figure  3-10,  are  similar  to  those 
used  for  hot  water  heating.  Steam  enters  th 
unit  heater  at  the  top  and  gives  off  heat  to 
the  finned  tubes  of  the  radiator.  The  circu 
lating  fan  forces  the  air  to  be  warmed  throu 
the  finned  tubes  ana  at  the  same  time,  cause 
the  air  to  circulate  in  the  space  to  be  heat 

STARTING  UP  (NEW   INSTALLATION).  Check 
motor  and  fan  rotation  and  Boe  that  bearings 
are  properly   lubricated.     Gradually  admit 
steam  to  the  colls  and  blow  down  the  unit  to 
remove  accumulations  of  grease  and  other 
loose  materials  found  in  new  piping  systems,  - 
Start  the  fan  and  see  that  normal  speed 
(revolutions  per  minute)  is  carried.  After 
piping  is  cleaned,   supply  hot  water  to  the 
coils  by  proper  valve   operation;   assure  that 
the  steam  trap  is  working  correctly;  and  see 
that  air  is  being  vented  properly. 

NORMAL  OPERATION.     Maintain  adequate  steam  flow  at  correct  pressure  to  develop  rated 
capacity.     Check  operation  of  steam  trap  and  air  ventw     Check  motor  and   fan  operation 
for  excessive  noise  and  abnormal  vibration  and   temperature.      If  spaces  fall   to  heat 
satisfactorily,   check  the  following. 

Speed  of  the  Motor,  A  unit  running  at  a  speed  below  normal  delivers  less  air.  See 
that  heated  air  Is  passing  through  the  unit  in  sufficient  quantity  to  deliver  Its  rated 
capacity. 

Steam  Flow.     Make  sure  that  the  proper  amount  of  steam  to  fulfill  capacity  require- 
ments is  flowing  through   the  coils  at  the  correct  pressure.     See  that  all  required 
valves  are  properly  open,   that  the  colls  are   free  of  air  pockets,   and   that  there  is  no 
obstruction  or  stoppage  of   the  flow. 

Water  Pressure.      The  steam  supplied  to  rhe  unit  should  be  at  rated  pressure.  This 
will  determine  the  steam  temperature. 

Space  Heat  Loss.     If  the  unit  is  delivering  its  intended  capacity,   check  the  space 
heat  loss  and  see  if  it  exceeds  the  capacity  of  the  heater. 

Location  of  Heater.     There  are  horizontal   and  vertical  distance  limits  in  the 
location  of  heaters.     Location  affects  blow  and  coverage  of  the  unit.      Check  manufac- 
t\irer's  instructions  and  charts. 

SHUTDOWN.     To  shut  down  a  steam  unit  heater,    you  should  proceed  as  follows: 

  Close  the  steam  inlet  to  the  unit. 

  Stop  the  motor. 


8  t 
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figure  3-10.     Unit  Heater  Instal- 
lation Diagram 
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SUMMARY 


Unit  heaters  are  probably   the  most  efficient  piece  of  heating  equipment  there  Is, 
They  are  a  factory-nmke  assembly,   compact,  easily  Installed,   and  easily  controlled. 
There  are  five  main  types:     steam,   hot  water,   electric,   oil  and  gas  fired.     Unit  heaters 
have  five  main  parts:     the  fan,   fan  motor,  heating  element,   casing  and  diffusers. 

QUESTIONS 

1,  Wliat  are  the  five  types  of  unit  heaters? 

2,  What   type  of  unit  heaters   require  a  boiler  and  piping  system? 

3,  Where  are  steam  unit  heaters  mainly  used? 

4,  What  types  of  unit  heaters  will  be  used  when  individual  metering  of   the  fuel  supply 
is  required? 

5,  What  are  some  typical   locations  for  electric  unit  heaters? 

6,  What  is  the  casing  used  for? 

7,  How  are  unit  heaters  wired? 

S,  What  are  the  five  basic  parts  of  a  unit  heater? 

O,  What  are  the  main  controls  on  a  unit  heater? 

10,  What   types  of  unit  heaters  cannot  be  used  in  a  fuel  or  ammo  storage? 


REFERENCE 


AFM  85-12,  Volume  II,  Operation  and  Maintenance  of  Space  Heating  Equipment  and 
Systems,   and  Process  Heat  Utilization 
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FORCED  WARM  AIR  HEATING  SYSTEMS 


OBJECTIVE 


This  study  guide  will  help  you  maintain  a  warm  air  furnace,   replace  the  electrical 
controls  and  maintain  a  forced  vmrm  air  system. 

INTRODUCTION 

During  the  last   forty  or  fifty  years  as  standards  of  living  continued  to  improve, 
people  began  to  demand  better  and  more  efficient  heating  systems  for  their  homes  and 
their  places  of  business.     They  were  no  longer  satisfied  with  a  stove  or  a  fireplace  in 
each  room.      Instead,   they  wanted  some  type  of  a  large  heating  unit  or  system  that  could 
be  used  to  heat  all  the  rooms  in  a  house  or  building  from  Just  one  fire.     One  of  the 
first  steps  taken  to  fill  this  demand  was  the  development  of  the  warm  air  heting 
systems.     In  these  systems,   the  furnace  is  located  at  one  central   point,   usually  the 
basement  of  a  house;  and  the  air  heated  by  this  furnace  is  carried  to  the  various  rooms 
and  parts  of  the  house  by  warm  air  ducts. 

This  study  guide  will  provide  you  specific  information  concerning  warm  air  hesM.ig 
under  the  following  main  topics. 

  The  Purpose  of  a  Warm  Air  Furnace 

  Types  of  Warm  Air  Furnaces 

  Construction  Features 

  Removing,   Disassembling  and  Reassembling  Procedures 

  Inspecting  and  Cleaning  Procedures 

  Installation  Procedures 

  Types  and  Functions  of  Furnace  Automatic  Controls 

  Removing,    Inspecting  and  Cleaning  Automatic  Controls 

  Installing,   Wiring  and  Operating  Automatic  Controls 

  Operating  Procedures 

  Types  of  Warm  Air  Heating  Syst«ns 

  Types  of  Warm  Air  Distribution  Systems 

  Construction  Features 

  Inspecting  and  Cleaning  Heating  Ducts 

  Inspecting  and  Adjusting  Distribution  Dampers  and  Linkages 

  Removing  and  Cleaning  Filters 

  Blower  Maintenance 
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INFORMATION 


The  Purpose  of  a  Warm  Air  Furnac*? 

The  primary  purpose  of  warm  air  furnaces  Is  to  burn   fuel   efficiently  and  to  transfer 
the  heat  generated  to  the  circulating  air.     Warm  air  heating  syvstems  j^re  either  gravity 
type  or  forced-air  typo.     Many  satisfactory  types  and  arrangements  of  heating  surfaces 
are  manufactured.     Most  furnaces  consist  of  a  combustion  chamber  or  primary  heating 
surface,   and  a  heat  exchanger  or  secondary  heating  surface.     Available  records  Indicate 
that  the  heat  transfer  per  square  foot  of  heating  surface  is  practically   the  same  for 
cast  iron  and  steelplate  when  both  are  subjected  to  the  same  temperature  difference. 
With  either  cast  iron  or  steel »   thicker  metal  means  longer  life  without  materially 
affecting  the  heat  transfer. 


Types  of  Warm  Air  Furnaces 

Cast-Iron  Furnaces 

Generally,   the  minimum  thickness  of  cast-iron  furnace  sections  is  1/2  inch.  These 
riirn.ices  resist  corrosion  and  high  temperature  and,   because  of  their  relatlv<^»ly  large 
mass,   have  a  large  heat-storage  capacity,     Thia   latter  characteristic  gives  them  a 
flywheel  heating  effect.     However,    they  are  slow  to  respond  to  heat  changes,  Cast-Iron 
furnaces  are  constructed  in  sections,   made  gastight  by  liberal  use  of  furnace  cement, 
asbestos  rope,    or  both.     The  heat  exchaager  is  usually   located  on  top  of  the  combustion 
chamber.     Cast-iron  furnaces  are  normally  used  with  gra^^ity  systems. 


Steel  Furnaces 

The  metal  parts  of  steel   furnaces  are  Joined  by  riveting,   welding  or  both.  Because 
of   their  relatively  small  mass,   they  can  deliver  heat  rapidly  on  demand,   and  r^an  adapt 
to  fast  changes  in  heat  requirements.     However,    their  heat  storage  capacity  Is  rather 
small.     Steel  furnaces  are  made  of  heavy-gauge  steel  an.!  are  riveted  and  caulked  or 
welded  at  the  joint  to  make  them  gastight.      The  fronts  are  usually  cast  iron.  Small 
steel   furnaces  usually  have  a  single  heat  exchanger  attached  to  the  rear  of  the 
combustion  chamber.      In  larger  sizes,    two  heat  exchangers  may  be  installed  on  the 
furnace  sides.     There  are  two  types  of  steel  furnaces:     horizontal  and  vertical. 
Vertical   furnaces  may  be  cither  up— flow  or  counter-flow, 

HORIZONTAL,      In  the  horizontal  furnace,    the  fan,    filters  and  heat  exchanger  are 
aligned  in  a  horizontal  position.     Since  this  furnace  can  be  suspended   from  the  ceiling, 
or  installed  in  attics  or  crawl   spaces,    it  takes  up  little  or  no  floor  space. 

VERTICAL,     The  vertical   furnace  has  the  same  components  as  the  horizontal,   but  Is 
designed   for  floor  installation.     There  are  two  types: 

  The  vertical   up-flow  furnace, 

  The  vertical  counter-flow  furnace. 

Vertical  Up-Flow,     On  the  vertical  up-flow  furnace,   the  fan  is   located   in  the  bottom 
of  the  furnace.      This  type  furnace  is  normally   used  with  either  the  wall  or  ceiling 
delivery  distribution  system.     The  furnace  could  be  located  in  a  house  or  building  with 
a  basement;  but  mor  than   likely,   in  a  house  or  building  without  a  basement. 

Vertical  Counter-Flow,     On  the  vertical  counter-flow  furnace,    the  fan  is   located  at 
the  top  of  the   furnace.     This  type  furnace  is  specifically  designed   for  houses  or 
buildings  without  basements.      The  heat  registers  will  be   located  in  the   floor  or 
possible    the  walls. 

Warm  air  furnat-os  can  be  made  to  bur     ooal,    fuel  oil  or  gas.     The  most  common  types 
today  are  tlie  gas^-xired  and  oil-fired  furnaces. 
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Construction  Features 


Heat  Source 

The  heat  source  Is  a  furnace  unit  which  generates  by  burning  fuel.     Basically,  a 
warm  air  furnace  consists  of  combustion  chamber  (primary  heating  surface),   a  heater 
exchanger  section  (secondary  heating  surface),   and  a  casing.     The  furnace  may  be  cast 
iron,  steel  or  a  combination  of  the  two.     It  may  be  fired  with  any  of  the  common  fuels. 

Combustion  Chamber  and  Heat  Exchanger 

The  combustion  chamber,   as  a  primary  heating  surface,   absorbs  heat   from  the  fire, 
chiefly  by   radiation.     The  heat  exchanger  section,    as  secondary  heating  surface,  absorbs 
heat  from  the  furnace  gases  by  conduction. 

Casing 

The  casing  completely  encloses  the  furnace  assembly.     It   forms  a  space  through  which 
air  is  circulated   (by  natural  or  forced  convection)   and  warmed  by  contact  with  the  hot 
exterior  surfaces  of  the  combustion  chamber  and  radiator. 


Removing,   Disassembling  and  Reassembling  Procedures 

The  variety  of  furnaces  manufactured  in  the  United  States  makes  it  difficult  to 
state  exact  procedures  for  removing,  disassembling  and  reassembling.     These  procedures 
should  be  acquired  from  the  manufacturer  of  the  furnace  you  are  working  with. 


Inspecting  and  Cleaning  Procedures 

Warm  air  furnaces  should  be  inspected  and  maintained  according  to  a  schedule 
prescribed  for  such  furnaces  by  AFRs  or  local  command.     The  roof Jacks  as  well  as  the 
smoke  pipes  should  be  inspected   from  the  inside  as  well  as  the  outside  of  the  building. 
Any  noticeable  deterioration,    such  as  a  rusted  hood,    roof jack  or  flue  pipe  should  be 
replaced.     The  roof Jack  guys  should  be  replaced  If  badly   rusted.     The  chimney  must  be 
checked   for  cracks  and  holes.      These  should  be  repaired  in  order  to  prevent  air  leaks. 
When  cold  air  enters  the  chimney  and  dilutes  the  warm  air,   it  reduces  the  draft.  Ml 
soot  and  fly  ash  must  be  removed  from  the  chimney  and  flue  cleanouts.      Inspect  the  draft 
dampers  for  proper  operation.     Check  the  draft  dlverter  for  soot  accumulation. 

Check  the  heat  exchanger  surfaces  for  warping  and   rusting.     Replace  these  units  if 
thay  are  unserviceable.     Check   the  firebox  doors,   door  hinges  and   latches  for  damage. 
Replace  any  broken  parts.     Seal  all  the  casing  Joints  and  asbestos  type  of  caulking 
compound.     Check  the  grouting  around  the  base  of  the  furnace  and  repair  It   if  necessary. 

Completely  clean  the  furnace  heat  exchanger  and  the  flue  pipe  surfaces  with  a  vacuum 
cl oaner , 

Inspect  the  furnace  room  for  cleanliness.  Notify  your  superior  of  any  combustible 
material  such  as  rags,  papers  and  boxes.  See  that  the  performance  chart  is  posted  and 
rnadable . 

Inst  a  nation  Procedure  s 

Warm  air  furnaces  shuld  be  installed  in  conformance  with  procedures  or  methods  pre- 
scribed,  according  to  diagrams  applicable  to  each  type  of  equipment  furnished  by  the 
manuf ac  t  urer . 

The  base  electrical  shop  should  be  responsible  for  installing  all   line  voltage 
wiring.     The  heating  specialist  should  only  install   line  or  low  voltage  automatic 
control  equipment.     The  term  low  voltage  applies  to  equipment  operating  on,   or  wiring 
carrying  50  volts  or  less. 

Since  there  are  many  types  and  makes  of  oil  and  gas  fired  warm-air  furnaces  on  the 
market,   the  detailed  assembly  instructions  to  suit  all  makes  and  types  cannot  be 
published  in  this  book;  however,   the  following  instructions  apply  to  all   gravity  warm- 
air  furnaces. 
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study  the  asse»nbly  instructions  included  with  each  furnace  thorou^iihly   and  follow 
these  instructions  exactly.     Each  piece  of  casting  is  manufactured  to  tit   In  it^  pr(^per 
place.     Parts  of  one  type  of   furnace  are  seldom  interchangeable  with  other  types  of 
furnaces. 

Install  furnaces  in  a  level  position  on  a  solid  masonry  base.     Do  not   Install  tha 
furnace  on  a  base  constructed  of  wood  or  other  combustible  material.      If   the  masonry 
base  is  uneven,   use  steel  or  cast-iron  wedges  (shims),   or  the  leveling  bolts  that  are 
provided.     Always  use  a  spirit  level  to  make  sure  the  unit  is  level. 

Provide  enough  clearance  to  permit  easy  access  for  repairs.     Allow  a  space  of  at 
least  18  inches  between  the  furnace  and  a  wall  constructed  of  wood  or  other  combustible 
material.     It  is  a  good  practice  to  install  asbestos  boards  on  a  wooden  w;\ '  I   iwxt  to  a 
furnace.     This  will  help  to  reduce  the   fire  hazard.     With  masonry  walls,    r^ails  may  b»' 
installed  nearer  the  walls;   however,    leave  ample  room  to  permit  proper  servicln^^. 

Special  attention  should  be  given  to  ceiling  clearance.     Cover  the  ceiling  ovor  the 
furnace  with  asbestos  sheets  or  asbestos  paper  if  the  top  of  the  furnace  is  clor.e  to  the 
ceiling. 

Furnace  cement  is  furnished  with  each  cast-Iron  furnace.     Seal  all  joints  with  a 
liberal  amount  of  furnace  cement  between  sections  to  insure  that  the  furnace  is  gas- 
tight.     Asbestos  rope  is  furnished  with  a  number  of  furnaces  for  certain  applications. 
Follow  manufacturer's  instructions  covering  its  use.     See  that  projections  from  furnace 
such  as  smoke  pipe  or  cleanout  doors  extend  through  outside  of  casing. 

In  assexibling  a  furnace,    exercise  care  In  tightening  all  bolts.     Draw  each  bolt 
until  almost  tight.     Then  after  all  bolts  have  been  installed,  draw  each  one  gradually 
until  all  are  uniformly  and  properly  tight.     Avoid  drawing  bolts  too  tight,   as  this  wili 
crack  or  break  a  casing  or  buckle  a  steel  plate. 

After  assembling  furnace,   check  all  doors  for  free  operation  and   tight   fit.  Install 
firebrick  in  accordance  with  manufacturer's  Instructions. 

Install  furnace  casing,   bonnet  and  gravity-return  air  shoe  in  accordance  with  the 
manufacturer's  instruction.     Fit  or  fasten  casing  or  panels  securely.     If  interlocking, 
see  that  they  are  properly  in  place  and  are  airtight.      If  a  bottom  floor  panol   (ga«^'  or 
oil)  is  not  furnished,   grout  casing  to  make  it  airtight  by  chipping  and  wetting  the 
floor  and  using  a  liberal  amount  of  cement  mixture*      If  a  circular  casing  is  used,  strip 
joints  with  asbestos  paper  to  make  them  airtight.     Asbestos  rope  or  a  draw  band  collar 
Is  furnished  to  make  the  connection  between  flue  and  cleanout  airtight.      If  baffles  are 
furnished  or  recommended,   install  them  in  accordance  with  manufacturer's  recommenda- 
tions.     In  installing  baffles,   exercise  care  to  provide  proper  distribution  of  air  over 
combustion  chamber  and  heat  exchanger. 

Install  downdraft  diverters  furnished  with  the  equipment  on  all  gas  burning 
furnaces.     Diverters  are  developed  for  individual  furnaces.     Never  use  diverters  made  by 
a  local  manufacturer  unless  thely  have  been  calibrated  for  the  specific  heating  unit. 

NOTE:     Check  heat  exchanger  before  installation  for  leaks  or  cracks. 

Use  vent  or  smoke  pipe  which  is  at   least  as  large  as  the  i^moke  pipe  outlet  of  the 
furnace.     Securely  fasten  the  vent  or  smoke  pipe  at  each  Joint  with  a  minimum  of  three 
sheet  metal  screws.     Install  all  horizontal  pipes  with  a  pitch  of  at  least  one  inch  per 
linear  foot. 

A  good  chimney  can  be  built  of  steel,   brick  or  other  material  approved  by  the  office 
of  the  Civil  Engineer.     The  chimney  should  have  a  cross-sectional  area  equal  to  or 
larger  than  the  flue  outlet  of  the  furnace.     The  smaller  dimension  of  a  rectangular 
chimney  must  be  at  least  2/3  of  a  furnace  flue  diameter.     The  area  of  a  chimney  must  be 
increased  4  percent  for  each  1000  feet  of  altitude.     Equip  the  chimney  with  a  soot  and 
dirt  cleanout  at  the  base.     The  upper  part  of  the  chimney  is  usually  constructed  of  a 
metal  section  terminating  with  an  appropriate  hood.     Follow  the  manufacturer's  recom- 
mendations on  chimney  height.     Never  build  a  chimney  less  than  25  feet  in  height,  unless 
It  has  blower-assisted  draft  and  then  never  less  than  IB  feet.     Always  extend  a  chimney 
at  least  three  feet  above  the  peak  of  the  roof. 
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Ventilate  the  furnace  room  adequately   to  supply  air  for  combustion.      Provide  an 
opening  having  one  square  inch  of  free  air  area  for  each  1000  BTU  per  hour  of  furnace 
input  rating  with  a  minimum  of  200  square  inches.     Locate  opening  at  or  near  the  floor 
line  whenever  possible.     In  addition^   provide  two  louvered  openings  having  free-air  area 
of  at  least  200  square  inches  each  in,    at  or  near  the  ceiling  as  near  opposite  ends  of 
the  furnace  room  as  possible,   as  to  expel  flue  gases. 


Types  and  Functions  of  Furnace  Automatic  Controls 

Automatic  controls  are  used  on  heating  systems  to  accomplish  one  or  more  of  the 
f ol lowing : 

  Injure  required  conditions  of  temperature,   pressure  or  humidity. 

  Provide  safety  protection  by  preventing  operation  of  mechanical  equipment  when 

such  operation  would  be  harmful  or  hazardous. 

  Insure  economical   results  by  providing  steady-state  conditions  and  preventing 

excessive  operation  of  the  system. 

  Eliminate  human  error  in  heating  equipment  control. 

The  main  elements  of  a  temperature  control  system  are  pririiary  control,  limit 
control,   thermostat  and  auxiliary  controls.     These  controls  were  covered  in  an  earlier 
lesson  but  we  will  review  each. 

Primary  Controls 

Primary  controls  are  actuating  devices  which  operate  hand-fired  plants  in  response 

to  signals  received  from  thermostats.     Often  the  primary  control   is  a  simple  switching 

device  which  closes  and  opens  the  main  circuit   (electric  systems).  The  primary  control 

for  gas  heating  is  the  automatic  gas  valve  and  for  oil  heating,    the  stack  switch  and 
protector  relay  perform  this  function. 

Limit  Control 

The  limit  conicrol  is  a  device  that  responds  to  temperature  changes  in  the  warm  air 
heating  systems.      The  limit  control  is  wired  in  series  to  the  primary  control.  This 
control  will   break  the  circuit  to  the  primary  control,   which  will  shut  down  the  burner, 
whenever  the  temperature  in  the  furnace  becomes  excessive.      It   is  installed  in  the 
bonnet  of  the  furnace.     The  wiring  should  conform  to  local  electrical  ordinances.  No 
lubricating  oil   should  be  used  on  the  internal  mechanism,   and  the  cover  should  be  in 
position  at  all   times.     When  trouble  is  experienced  with  the  unit,   it  should  be 
replaced.     This  control   is  normally  closed   (NC)  which  opens  on  a  temperature  rise.  Set 
the  limit  control   to  stop  the  firing  equipment  when  the  air  temperature  reaches  175'  to 
200^F. 

f31ower  Control   (Fan  Switch) 

The  fan  switch  controls  the  operation  of  the  blower  motor  in  a   forced  warm  air 
he:- ting  system.     The  fan  switch  starts  the  fan  motor  when  the  air  in  the  furnace  bonnet 
rises  to  a  predetermined  temperature  to  be  circulated  In  the  rooms.     The  fan  switch  is 
installed  in  the  bonnet  of  the  furnace.     Set  the  fan  swltcli  to  stop  when  the  plenum 
n.^inporataro  is  5*   to  10**F  above  maximum  thermostat  setting.     The  starting  temperature 
should  be  15'   to  25*F  above  the  stopping  temperature,   with  a  minimum  differential 
sfvtting  of  about  15'F.     These  settings  will  depend  on  the  climate  and  type  of  systems. 

NOTE:     Always  follow  manufacturer's  recommendations  when  differences  occur  between 
theii    settings  and  these. 

CoTibl nation  Control 

(One  housing  is  used  for  the  high  limit  and   fan  control.)     Settings  may  be  adjusted 
•jr   factory  set  and  sealed.     Operation  of  controls  are  the  same  as  if  they  were  used  as 
an   individual.     Responses  are  transmitted  normally  from  a  helix   (bimetal)  coil  which 
reacts  to  changes  in  temperature.     On  some  combination  controls^   manual  control  of  the 
fan  is  possible.     For  installation  procedures,   follow  the  maauf act urer ' s  instru*-.tions  on 
wiring  and  setting. 

^  4-5  4  5  6 

ERIC 


Thermostat 


The  ther:nostxt  is  the  nerve  center  of  the  heating-control  system.  It  If?  a  sensitive 
unit  that  responds  to  changes  In  room  temperature,  aad  It  indicates  whether  rnoro  or  less 
hoat  is  required  from  the  heating  unit.  It  transsmlts  the  indicating  signal  to  a  i>riinRry 
coiitrol  for  action.  This  is  done  by  closing  or  opening  an  electrical  contact  within  the 
thermostat. 

Thermostats  often  diifer  In  construction  according  to  the  type  of  primary  control 
with  which  they  are  used.     Probably  the  commonly  used  thermostats  are  the  spiral- 
bimetallic  type  and  mercury-bulb  type. 

Humidity  Controls 

Water  vapor  In  the  atmosphere  Is  called  humidity.     There  Is  a  limit  to  the  am6\int 
water  vapor  that  a  pound  of  dry  air  can  hold  at  a  flT^ed  tf^mperattJire .     When  this  limit 
(saturation)  Is  reached,    the  relative  humidity  of  the  air  is  100  percent.     Since  it 
cannot  hold  additional  moisture,   any  water  vapor  Introduced  to  the  air  after  saturation 
is  dropped  through  condensation. 

To  prevent  excessively  low  relative  hiimldlty  Inside  an  operating  heating  system,  the 
air  can  be  humidified.     Figure  4-1  illustrates  a  typical  humidifier  of  the  kind  used 
with  older  model  warm— air  furnaces  at  some  Air  Force  installations*      Humidifiers  are 
usually  Installed  in  the  warm-air  plenum  chamber.     A  needle  valve  Is  actuated  by  a  float 
to  maintain  a  given  level  of  water  in  a  pan.     Hot,   dry  air  from  the  furnace  absorbs 
(evaporates)  the  water  from  the  pan,   thereby  Increasing  Its  relative  humidity.     (Be  sure 
to  check  Installation  of  the  pan  to  see  that  it  does  not  overflow  on  the  combustion 
chamber  or  furnace  radiator.)     This  type  of  humidifier  does  not  provide  close  control  of 
relative  himitidy  conditions. 


numidlfiers  are  usually  standard  equipment  with  almost  all  types  of  warm-air 
furnaces.     Tlumidifiers  for  warm-air  furnaces  are  usually  the  pan  type  (figure  4-1). 
Unless  the  water  used   is  comparatively  free  of  solids,   these  units  require  frequent 
attention,   since  the  float  can  stick  in  the  open  position  or  the  valve  may  clog. 
Overflowing  of  the  pan  due  to  valve  stuck  in  open  r'^sitlon  can  result  In  a  cracked 
heating  section,   and  a  clogged  inlet  valve  will  make   uhe  humidifier  inoperative. 


Figure  4-1. 


A  Typical  Pan  Type  Humidifier 
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Humid Istat 


A  humldlstat  senses  the  relative  humidity  of  the  air  In  a  space  or  system.     It  is 
designed  with  sensing  elements  made  of  wood,  hair  or  animal  membrane. 

Under  normal  operating  conditions,   the  humldlstat  will  sense  humidity  within  1 
percent  relative  humidity.     A  humidlstat  sends  electrical  signals  to  operate  dampers, 
valves  or  other  devices  that  control  relative  humidity.     For  example,   when  a  humidifying 
device,   having  a  spray  nozzle  is  used,   a  solenoid  valve  is  installed  ahead  of  the 
nozzle.     The  humidlstat  in  the  conditioned  space  automatically  energiaes  the  solenoid 
when  the  relative  humidity  drops  below  the  humidlstat  setting.     As  soon  as  the  humidity 
In  the  conditioned  space  is  brought  up  to  that  needed  to  satisfy  the  humidlstat,  the 
circuit  is  opened  and  the  solenoid  shuts  off  automatically. 

The  humidlstat   Is  a  very  delicate  instrument  and  must  be  handled  with  care.  Keep 
the  instrument  encased  at  all  times  and  free  of  dust  and  other  foreign  materials.  See 
that  It  Is  mounted  securely.     Locate  it  where  thero  is  a  good  circulation  of  air  aniund 
Its  sensing  clement. 

Removing,    Inspecting  and  Cleaning  Automatic  Controls 

The  procedures  for  removing,   inspecting  and  cleaning  automatic  controls  will  be 
supplied  by  the  manufacturer  of  the  controls. 


Installing,   Wiring  and  Operating  Automatic  Controls 

T  nstal ling 

Proper  care  in  handling  and  installing  controls  will  assist  in  obtaining  good  per- 
formance form  a  warm-air  heating  system.     Brochures  are  available  on  installation  of 
controls  from  each  manufacturer  and  should  be  followed  while  working  with  these 
controls.     Always  be  sure  that  a  control  is  correctly  wired.     Many  malfunctions  are 
attributed  to  not  adhering  to  this  general  principle.     All  control  terminals  are  usually 
colored,    lettered  or  numbered,   and  the  manufacturers  furnish  wiring  diagrams  which  are 
simple  and  easy  to  follow- 

THERMOSTAT.     Always  install  a  thermostat  on  an  inside  wall  at  eyo  level  and  in  a 
place  where  it  will  be  affected  by  average  room  temperature. 

Mak.    sure  there  is  free  circulation  of  air  at  the  point  of  mounting  and  that  the 
thermostat  is  unobstructed  by  furniture,  doors  and  the  like.     Do  not  mount  the  thermo- 
stat where  it  will  be  affected  by  drafts  from  hallways  or  stairways  or  where  it  will  be 
affected  by  the  warm-air  stream  from  air  registers.     Do  not  install   thermostats  close  to 
concealed  warm  or  cold  water  pipes,   warm-air  ducts,    or  on  furnace  room  walls.  Always 
install  a  thermostat  away  fx*om  the  sun's  rays,   because  the  radiant  heat   from  the  sun 
will  cause  a  shifting  of  the  control  point. 

LIMIT  CONTROL,    BLOWER  CONTROL  AND  COMBINATION  CONTROL.      The  same   fundamentals  of 
installation  apply  to  all  three  of  these  controls.      m  installing  these  controls,  insure 
that  in  the  operating  position,    no  portion  of  the  actuating  elements  touch  the  crown 
sheet.     Install   these  elements  so  that  the  effects  of  radiant  heat  are  kept  to  a 
ninlraun.      Install  the  controls  so  that  they  will  be  subject  to  rapid  changes  in  temper- 
ature of  the  furnace.     Do  not  install  the  control  elements  where  they  will  be  affected 
by  cold  air  returns  or  where  circulation  of  air  around  them  is  restricted  by  baffles  or 
deflecting  fins. 

Use  a  swivel  mounting  bracket  if  space  permits.      If  a  control  must  be  mounted  flush 
on  furnace,   be  sure  that  an  asbestos  insulator,    1/2  inch  thick,   if  possible,    is  placed 
between  furnace  and  control.      It  is  important  to  limit  temperature  inside  the  control  to 
ino^F,   if  possible,    to  prevent  damage  to  switches  and  maintain  electrical  rating  of  load 
contacts . 

Under  no  circumstances  should  fan  load  rating  of  control  be  exceeded.     For  maximum 
efficiency  and  comfort,    fan  control  setting  should  be  as  low  as  possible  without  dis- 
charge of  cold  air.     For  most  installations,   a  limit  control  setting  of  175*F  to  200'F 
is  satisfactory.     After  installation  of  these  controls,   as  all  controls,    replace  the 
cover.     This  protects  the  mechanism  and  discourages  unauthor I ;2ed  tampering  with  the 
set  tings « 
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Wiring  Procedures 


A  typical  wiring  diagram  for  a  gas-fired  warm  air  furnace  using  line  voltage  is 
shown  in  figure  4-2. 


GAS  VALVE 


FUSE  BOX 


FAN  SWITCH 


Figure  4-2.     Line  Voltage  Circuit 

A  typical  wiring  diagram  for  a  gas-fired  warm  air  furnace  using  low  voltage   is  shown 
in   figure  4-3. 


STEP-DOWN 
TRANSFORMER 
I  J5V  ^ 


LIMIT 

THERMOSTAT  CONTROL 


GAS 
VALVE 


CCa  >  t04A 


Figure  4-3.     Low  Voltage  Circuit 
A  typical  wiring  diagram  for  oil-fired  warm  air  furnaces  is  shown  in  figure  4-4, 
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Use  all  applicable  precautions  whend  working  with  the  different  types  of  fuel.  Also 
observe  all  safety  rules  when  working  on  the  electrical  controls  and  wiring  of  a  warm-- 
air  furnace. 

NOTE:     Remove  all  watches,    rings  and  other  metal  jewelry  when  working  on  furnaces; 
also,    fatigue  shirts  must  be  tucked  in. 

When  working  on  oil-fired  furnaces,   any  oil  spilled  must  be  wiped  up  immediately • 


COMBINATION 
CONTROL 


BLOWER 
MOTOR 


LINE 
HOT  I    I  r?po 
FUSED 


SNAP-ACTION 

ROOM 
THERMOSTAT 


IGNITION 
TERMINALS 


Figure  4-4.     Warm  Air,   Oil-Fired  Cotnrol  Circuit 


Operating  Procedures 

Before  placing  any  new,   reconditioned  or  inactive  warm  air  heating  system  into 
st.rvice,   carefully   inspect   its  installation.     Learn  the  p'^*"pose  and   location  of  every 
piece  of  equipment  and  control;  this  knowledge  will  help     .event   future  outages. 

Pro-Startup 

Before  starring  up  the  system,   make  sure  that  the  following  requirements  are 
fulfil  led: 

I 
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FORCED  WARM-AIR  FURNACE 

  All  Installation,    repair  and  cleanup  work  completed, 

  All  air  and  gas  ducts  and  passages  tight  and  free  from  obstructions;  pas  ani  air 

control  dampers  in  good  operating  condition, 

  All  ducts  tested  for  leaks,   and  insulated  if  necessary. 

  Combustion  chamber,   radiator  and  casing  tested   for  leaks.     Testing  procedure? 

are  outlined  in  AFM  85-12,   Volume  IT. 

 Air  filter  clean.     Humidifier  filled  with  wator  and  ready   for  operatlor.. 

  Forced  air  blower  and  motor  in  good  operating  condition,   properly  lubricated; 

rotation  and  speed  tested. 

  All  auxiliary  equipment   required  to  operate  the   furnace  properly   lnstall<^d  and 

ready  for  operation;  e.g.,   f uel--burning  system,   draft  system,  combustion 
control  system,  etc. 

  All  meters,   instruments  and  gauges  properly  installed,   calibrated  and  ready  for 

operation. 

  All  access  and  observation  doors  closed. 

AIR  DISTRIBUTION  SYSTEM 

  All  installation,    repair  and  cleanup  work  on  air  supply  ducts,    trunks,  branches, 

regulating  dampers,   diffusers,  grilles,   etc.,   completed.     Ducts  properly 
insulated,    if  required. 

  All  installation,    repair  and  cleanup  work  on  air  return  ducts,   grilles,   ntc. . 

completed.     Ducts  properly  insulated^   if  required. 

CONTROL  SYSTEM 

—  -  All   installation,   repair  and  cleanup  work  completed. 

  Thermostats  and  primary,  limit  and  auxiliary  controls  properly  calibrated  and 

preset  to  operate  within  approved  limits. 

FIUEFIGHTING  EQUIPMENT.     Make  sure  that  fir^  extinguishing  equipment  is  conveniently 
located  and  ready  to  operate  and  that  personnel  know  how  to  use  it  and  have  definite 
instructions  on  firefighting  procedures. 

Starting  Up 

Proceed  as  follows: 

  Close  all  dampers  located  in  the  various  warm  air  and  return  air  ducts  and  at 

the  registers. 

 Liight  off  the  furnace  under  manual  control. 

  8tart  the  blower  under  manual  control.     Adjust  air  regulating  dampers  to  produce 

even  temperature  distribution  between  rooms. 

System  Adjustment 

To  obtain  better  results,   and  more  even  room  temperatures,   adjust  the  controls  of 
forced  warm  air  heating  system  for  as  nearly  continuous  blower  operation  as  possible,  by 
sotting  the  room  thermostat  to  control  the  firing,   and  the  blower  control   to  control  the 
blower  operation.     Take  the  following  steps  to  adjust  the  system: 

  Set  room  thermostat  at  the  desired  room  tempera   ure.     This  is  the  operating 

control  that  starts  and  stops  the  firing  ^nu  draft  equipment. 
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  Check  the  fuel  input  In  relation  to  the  heat  loss  of  the  building.     In  gas-fired 

installations,   see  that  orifices  in  the  spuds  are   large  enough  for  the  kind  of 
gas  used  and  the  type  and  capacity  of  the  Installation.     Adjust  manifold  pres- 
sure.    For  coal-fired  and  oil-fired  installations,   check  capacity  and  operating 
range  of  stoker  and  burner*     When  the  system  operates,  make  sure  that  fuel-air 
ratio  is  correct  and  that  firing  and  draft  equipment  are  adjusted  for  proper 
firing  rate  at  the  highest  practical  efficiency. 

  Adjust  blower  air  volume  to  produce  an  air  temperature  rise  through  the  furnace 

of  about  90*F,   by  regulating  outlet  air  dampers  or  changing  the  blower  speed. 

  Set  the  blower  control   to  stop  when  the  plenum  temperature  is  5*  to  10*F  above 

maximum  thermostat  setting.     The  starting  temperature  should  be  15'F  to  25'F 
above  the  stop  setting.     Use  the  lower  settings  for  high  sidewall   registers  and 
the  higher  settings  for  the  baseboard  registers.      In  general,   coal-fired  instal- 
lations should  use  t\ie  higher  settings;  gas  or  oil-fired  installation,  the 
lower.      For  very   long  ducts  and  in  very  cold  climates,    it  i  ay  be  necessary  to 
use  slightly  higher  blower  cutout  points;  however,   this  point  should  be  set  as 
low  as  practicable. 

  Set  the  high  limit  control   (in  the  bonnet  of   the  furnace)   to  stop  firing  equip- 
ment when  the  air  temperature  reaches  175*F  to  200'F,   regardless  of  room  thermo- 
stat requirements.     The  average  air  temperature  rise  through  the  furnace  should 
be  from  80*   to  100*F  when  it  operates  in  very  cold  weather. 

  When  the  blower  speed  is  changed  to  adjust  the  airflow  through  the  furnace,  be 

sure  that  the  operating  speed  does  not  overload  the  motor  or  cause  undue  noise. 
Refer  to  AFM  85-12,   Volume   I,    for  information  on  speed  reducers. 

  Balance  the  system  by  regulating  damper  openings  to  obtain  an  even  temperature 

distribution  in  all  rooms*     Check  air  velocities  at  warm  air  register  outlets 
with  an  anemometer  or  velometer  (see  AFM  85-18,   para  CI,   07).     Regulate  register 
air  velocities  to  obtain  about  50  feet  per  minute  at  a  point  three  quarters  of 
the  distance  from  the  register  to  the  opposite  wall.     Regulate  flow  by  damper 
adjustment.     For  better  system  balance,   it  is  sometimes  necessary  to  change 
blower  speed.     Refer  to  para  46f,   Volume  I,   AFM  85-12  for  information  on  fan 
output  control.     See  also  Section  J,   Chapter  2,  Volume  I,   AFM  85-12  for  adjust- 
ment of  drives  and  speed  reducers. 

  Make  a  followup  check  of  heat  distribution  within  the  next  day  or  two  after 

starting  up.     If  any  rooms  are  too  warm,   adjust  the  dampers  that  serve  them. 

  If  any   rooms  are  too  cold,   proceed  as  follows: 

  Open  the  damper  serving  the  cold  rooms  until   the  desired  temperature  is 


  If   the  desired  temperature  is  not  reached  with  the  dampers  fully  open,  start 

closing  the  dampers  that  serve  all  other  rocwns.     Closing  these  dampers  will 
cause  more  air  to  go  to  the  under-heated  room  and  thus  increase  Its  tempera- 
ture. 

 Continue  iiio.:>ing  the  dampers  until   the  desired  temperature  is  reached.  One 

or  mort:  foMo^'u'i  checks  and  adjustments,   using  the  outlined   "trial  and 
orror"   kfN  ;hcd,   may  be  required  before  the  system  Is  balanced. 

 Connect  ?.ll   b»i-vV.in,»5  ouvlexs  to  the  system  according  to  manufacturer's 

instructions. 


The  principle  usei3  for  the  forced  and  gravity  warm  air  heating  system  is  the  same. 
Both  systems  requir^i  a  central  heating  unit  for  furnace,   warm  air  ducts,  cold-air 
returns  and  registers.     The  main  difference  between  the  two  heating  systems  Is  the 
TXithod  of  circulating  thv^  air. 


obtained . 


Types  of  Warm  Air  Heating  Systems 


4-11 


ERIC 


Gravity 


The  gravity  warm-air  system  (figure  4-5)  is  one  of  the  oldest  and  simplest.  The 
curnace,  essentially.   Is  just  a  small  metal  box  Inside  of  a  big  one,   with  a  sealed  flue 
pipe  heading  from  the  inner  box  out  through  the  bigger  one  to  the  chimney.     Build  a  fire 
in  the  little       x  and   you  he:^  t   the  air   in   the  space  between    Lt  and   th<^?  bigger  box  that 
rjurrounds  it.      The  heated  air  rises  to  the  top  of   the  big  box  end,   enters  a  tip-top 
chamber,  called  a  "plenum  chamber  or  bonnet*'  to  which  hot-air  ducts  are  connected. 
Theso  big,   up-sloping  pipes  carry   the  rising  hot  air  to  the  room  in  the  house  above. 
The  hot  air  floats  up  through  the  registers  in  the  rooms,   heats  the  roomM,   and  settles 
to  the  floor  as  it  cools  and  becomes  heavier.     Once  at  floor  level,   it  flows  down 
through  another  set  of  ducts  that  carry  it  back  into  the  bottom  of  the  furnace.  There, 
it  picks  up  new  heat  and  rises  to  the  room  again.      The  cycle  continue:?  as  l(^njx  as 
there's  a  fire  in  the  furnace  and  the  fire  may  be  fueled  by  coal,   oil  or  gas. 

There  are  no  moving  parts  in  the  circulating  system  so  it  works  in  silence,    nut  it 
has  some  drawbacks.     Because  the  difference  in  the  weight  per  cubic  foot  of  hot  and  cool 
air  is  only  a   tiny   fraction  of  an  ounce,    the  ducted  air  doesn't  movo  with  much  force,  so 
it  can't  push  its  way  through  a  conventional  dust  filter  without  slowing  down   t(;o  much 
for  efficient  heating.     Hence,   gravity   warm-air  systems  aro  usually  unfLltere»i. 

The  gentle   flow  also  makes  it  necessary  to  keep  the  warrn-alr  ducts  shori:   to  avoid 
too  great  a  heat  loss  along  the  way.     So  the  warm  air  registers  are  usually  at  the 
inside  walls  of  the  rooms  closest   to  the  furnace  situated  in   the  center  of  the  basement 
And   the?  rtitiirn  air   regl.strr.s  are  at   the  oJitslde  walls.      They   have   to  be  on   the  opposite 
side  oC  the  room  in  order  to  draw  the  warm-air   flow  across.     Thus,    the  hot  air  floats 
past  the  warmer  inner  walls  first.      Then,    as  it  cools,   it  descends  past  the  colder, 
outside  walls  and  windows  and  enters  the  return  registers  for  its  downward  glide  to  the 
furnace  again.      As  a  result,    you  may  find  the  outside  areas  of  some  rooms  a  little 
chilly  on  very  cold  nights.     Also,   the  easy,    natural  air   flow  may  make  the  unit  a  bit 
slow  to  respond  to  the  thermostat. 


IN  SMOKE  PIPE 


Figure  4-6.     Forced-Air  System 

Forced 

Forced  warm  air  (figure  4-6),   one  of  the  most  popular  modern  systems,    Is  very 
similar  to  the  old  gravity  type.     The  oiain  difference  is  that  the  forced  system  uses  a 
ctjntrlfugal  fan  or  blower  (forced  convection)   Instead  of  natural  convection  to  attain 
positive  air  circulation.     Figure  4-6  Illustrates  a  typical   fot-ced-alr  system.     The  high 
velocity  air  stream  carries  the  heat  away  from  the  hot  furnace  surfaces  and  Into  the 
rooms  much  more  rapidly.     So  you  can  get  much  more  heat  from  the  same  size  furnace,  or 
jast  as  much  heat  from  a  smaller  furnace.     And,   as  the  forced  air  stream  can  travel  In 
any  direction,   you  can  take  the  furnace  out  of  the  cellar  and  put  It  anywhere  you 
pi ease--l ncludlng  the  a* tic.     The  power-driven  blower  will  shoot  the  heating  air  down, 
u       sideways,   anywhere  >oii  want  it. 

The  forced  system  also  responds  quickly  to  a  thermostat  allowing  flexible  heat 
delivery,  so  that  widely  varying  demands  of  changeable  weather  are  met  with  a  minimum  of 
over-hea>:lng  • 

Types  of  Warm  Air  Olstrlbutlon  Systems 

Satiofactory  heating  from  warm  air  systems  is  absolutely  dept^ndent  upon  the  proper 
distribution  of  warm  air  from  the  furnace  to  all  portions  of  th'     ispace  served.     Warm  air 
niust  be  distributed  in  the  quantities  required  to  offset  the  r'c    ^  of  heat   loss  of  each 
heated  space,   or  temperature  differences  between  rooms  will  occur.     This  differs  some- 
what from  radiator  systems  where  the  size  of  the  radiator  is  the  most  important  factor 
la  determining  the  rate  of  heat  released  to  each  room.     With  radiator  systems, 
dl^?trlbutlon  is  primarily  a  problem  of  getting  enough  hot  water  or  steam  to  each 
radiator  to  be  sure  that  the  radiator  heats  to  its  rated  capacity.      it   is  not  possible 
to  deliver  more  heat  through  steam  or  hot  water  than  the  radiator  is  designed  to 
t  ransrai  t. 
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With  warm  air  systans,   however,    the  amount  of  heat  reaching  each  room  is  determined 
by  the  rate  of  air  delivery  to  that  room  so  that  temperature  balance  is  entirely  a 
problem  of  control  of  air  distribution.      In  addition,    the  natural  tendency  of  warm  air 
to  rise  and  cold  air  to  fall  within  the  heated  space  must  be  recognized.     Air  supply  and 
return  openings  should  be  located  with  a  view  to  eliminating  air  stratification  and  cold 
floors.     In  general,   warm  air  registers  should  be  located  so  as  to  deliver  air  to  or 
along  the  areas  of  greatest  heat   loss  and  return  grilles  should  be  located  where  they 
wiM  pick  up  cold  air  before  it  can  spread  to  cause  objectionable  drafts. 

There  are  various  types  of  air  distribution  systems  to  satisfy  differing 
requirements.     The  ones  we  are  going  to  study  are:     perimeter  systems  (these  include 
loop,   radial  and  crawl  space  systems),   extended  plenum  system,   inside  wall  delivery 
systems  r,nd  ceiling  delivery  systems. 

T^erimeter  Systems 

These  systems  use  supply  openings  around  the  outside  wall  areas,   near  the  source  of 
the  greatest  heat   loss.     They  are  equipped  with  registers  designed  to  "blanket'*  th^»  cold 
area.     This  type  of  location  delivers  the  warm  air  so  that  it  mixes  with  the  cool  air 
from  the  heat  loss  area  and  infiltration  points,  and  prevents  or  reduces  draft. 

The  air  returnfs  to  the  furnace  through  centrally   located,   high  sidewall,   or  ceiling 
I'egisters;   the  return  ducts  may  be  located  in  the  attic  or  other  unheated  spaces.  Be 
sure  the  duct  size  is  adequate  for  its  load  since  in  the  normal  design  only  about  one- 
fourth  of  the  total  pressure  at  furnace  outlet  is  available  for  return-air  circulation. 
(That  means  0.0f>  inch  of  water  for  a  total  pressure  of  0.20  inch,   when  0.15  inch  of 
water  is  used  on  the  supply  side.)     Return-air  can  be  taken  from  crawl  spaces  where  the 
furnace  is  located.     In  perimeter  system  installations,   a  down-flow  furnace  is  normally- 
used.     In  these  furnaces,   cold  air  enters  the  unit  from  above  and  discharges  as  hot  air 
from  the  bottom  or  lower  part  of  the  furnace  casing.     All  perimeter  distribution  systems 
are  similar  in  performance  but  differ  in  design.     The  design  selected  depends  on 
building  conditions.     Examples  are  the  loop,   the  radial,   and  the  crawl  space  systems- 

PERIMETER  LOOP  SYSTEM.     The   loop  system  shown  in  figure  4-7  is  one  type  of  a 
perimeter  system.      It  is  used  where  concrete  slab  floors  are  placed  directly  on  the 


Figure  4-7. 


Perimeter  Loop 
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ground.  A  warm  air  duct,  with  dlffusers  and  grilles,  extends  completely  around  the 
perimeter  of  the  building  in  a  continuous  loop  which  Is  supplied  by  radial  feeder  ducts 
from  the  plenum  chamber.  The  ducts,  burled  In  the  slab,  serve  two  purposes:  they  dis- 
tribute warm  air  to  the  loop,  and  conduct  heat  which  warms  the  floors.  ^s  in  the  other 
systems,  warm  air  registers  are  located  and  designed  to  prevent  the  alrstream  from 
discharging  against  people  at  rest.  No  more  than  three  dlffusers  should  be  placed  In  a 
section  of  loop  duct  between  any  two  feeders* 

PEUIMETER  RADIAL  SYSTEM.     Figure  4-8  Illustrates  a  perimeter  radial   system.  This 
air  distribution  system  consists  of  individual  ducts  which  run  spokewlse  to  each 
register  from  the  plenum  chamber  of  a  more  or  less  centrally   located  furnace.  Normally, 
dlffusers  spread  air  uniformly  over  the  register  face.     To  reduce  air  velocity  through 
the  register,   use  registers  with  areas  larger  than  the  connecting  ducts.     Ducts  can  be 
run  beneath  the  floor  of  structures  with  basement  or  crawl  space,   or  embedded  in 
concrete  slabs  if  the  building  has  no  basement. 


Figure  4-8.     Perimeter  Radial  System 


CRAWL  SPACE  PERIMETER  SYSTEM.      If  a  structure  Is  built  over  a  crawl   space,  the 
entire  space  can  be  used  as  a  warm-air  supply  plenum.     Warm  air  encers  the  room  through 
perimeter  flow  registers  located  preferably  beneath  the  windows:     additional  heat  Is 
supplied  by  conduction  from  the  warmed  floors.     This  system  is  not  recommended  for  Air 
Force  use. 


EKLC 


4-15 

466 


Extended  Plonum  System 


Reverse 
Flbow 


Figure  4-9.     Extended  Plenum  System 


Inside-Wall  Delivery  System 


se 


exposure.  High  aldewall  registers  should  deliver  the  air  horizontally  or  slightly 
downward  so  that  it  does  not  strike  the  celllUK  or  wall.     The  air  velocity  at  the 


Celling  Delivery  System 

This  system  (figure  4-10)  is  a  modified  extended  plenum  that  uses  celling  dlffusers 
to  deliver  the  warm  air  to  the  heated  space.     With  angnlar  ceiling  dlffusers     the  air 
stream  Is  spread  360*  and  the  rate  of  diffusion  is  high:  however,   the  throw  is  rather 
low.     Because  of  the  short  lengf..  of  throw,   high  l^^tial  air  velocities  are  often  used 
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COLD  AIR  PULLED  OFF  FLOORS 
AND  RETURNED  TO  FURNACE 


BLOWER 


Figure  4-10.     Duct  Layout  in  a  Two-Story  Bai*rack 


Construction  Features 

The  first  item  needed  for  a  warm  air  system  is  the  furnace;  it  supplies  the  heating 
source  for  the  system.     The  different  types  and  components  of  furnaces  were  previously 
discussed . 

The  next  item  needed  is  a  holding  area  for  the  warm  air,   after  it  has  been 
discharged  from  the  furnace.     This  is  called  the  plenum  chamber  or  bonnet.     It  mounts 
directly  to  the  furnace's  warm  air  outlet.     It  can  be  located  on  the  top  or  bottom  of 
thn  furnace,  depending  on  the  type  of  furnace  used. 

Next  comes  the  warm-air  and  cold-air  return  ducts.     The  horizontal   run  ducts  are 
called  leaders  and  the  vertical  run  ducts  called  risers.     These  ducts  carry  the  warm  air 
to  the  different  parts  of  your  house  or  building,  and  must  be  properly  sized  and  located 
to  carry  the  required  amount  of  warm  air  to  heat  the  building.     The  sizing  and  location 
of  the  warm  air  ducts  will  be  determined  by  the  engineering  blueprints.     All  warm  air 
tioating  systems  must  have  a  way  for  cold  air  to  get  back  to  the  furnace.     This  can  be 
accompli slned  in  several  ways: 

  ly  the  use  of  cold-air  return  ducts. 

  By  the  use  of  registers  located  in  the  lower  wall  or  on  the  floor. 

  ;>v  locating  large  louvers  in  the  exterior  walls  of  your  furnace  room. 


Inspecting  and  Cleaning  Heating  Ducts 

Oucts  are  used  to  distribute  air  to  conditioned  rooms  or  spaces,  and  to  remove  or 
exhaust  air  from  rooms.     Heat  ducts  are  usually  constructed  from  sheets  of  aluminum  or 
galvanized  steel-     Ducts  may  be  either  round  or  rectangular  in  cross  section.  Straight 
sections  of  round  duct  are  usually  formed  from  sheets  rolled  to  the  proper  radius  and 
ass<3:nbled  with  a  longitudinal  grooved  seam*     Each  end  of  a  round  section  is  swaged  and 
assembled  with  the  larger  end  of  the  adjoining  section  butting  against  the  swage.  The 
sections  are  held  together  by  rivets,   sheet  metal  screws,  or  by  soldering.  Rectangular 
ducts  are  generally  constructed  by  breaking  the  corners  and  grooving  the  longitudinal 
seam  • 
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Construct  duct  systems  to  avoid  abrupt  changes  In  sItib  and  direction  and  other 
resistance  conditions  which  create  noise  and  reduce  air  volume.     Use  Interior  vanes  at 
oIbows»  and  streamline  obstructions- 

The  interior  of  ducts  may  be  lined  with  sound-absorbing  material  to  reduce  noise 
caused  by  air  passing  through  the  ducts.     It  is  usually  more  convenient  to  line  all  four 
.sides  of  the  duct  interior,   but  a  lining  on  one  side  over  a  longer  length  of  the  duct 
will,  in  general,  give  the  same  effect  for  the  same  area  of  applied  sound-absorbing 
material.     The  exterior  of  ducts  that  carry  conditioned  air  may  be  covered  with  an 
l-^sulatlng  material   to  prevent  heat  transfer  between  the  ducts  and  the  surrounding  air. 

Ducts  should  be  constructed  to  enable  them  to  be  maintained  easily.     Provide  acces^^» 
doors  in  the  ducts  to  facilitate  easy  cleaning  and  inspection. 

Inspect  diucts  annually  for  the  following  conditions:     deformation;   leakage  lo^^s^es 
caused  by  loose  clean-out  doors,  broken  joints,  holes  worn  in  ducts   (most  frequently  in 
elbows),  and  poor  connections  to  fans;  and  accumulations  of  material,   such  as  dirt,  lint 
and  condensation  of  oil  or  water  vapor,  on  the  interior  of  the  ducts.     Repair  or  replace 
dofectlve  ducts  or  duct  connections.     Remove  accumulations  of  foreign  matter  on  the 
Interior    >f  the  ducts  by  washing  or  vacuum  cleaning.      if  applicable,   inspect  sound- 
absorbing  and  Insulating  material  on  the  interior  of  the  ducts  to  determine  that  the 
materials  are  installed  securely  and  adequately.     Inspect  iuty  hangers  and  supports  to 
insure  that  the  ducts  are  supported  substantially. 

All  heating  outlets  should  be  connected  to  the  system  according  to  manufacturer's 
In.structlon. 


Inspecting  and  Adjusting  Distribution  Dampers  and  Linkages 

Warm  air  ducts  for  forced  warm  air  heating  systems  are  equipped  with  dampers  and 
registers  to  control  the  flow  of  warm  air.     Figure  4-11  shows  a  diagram  of  a  volume 
damper  and  splitter  dampers. 


Figure  4-11.     Volume  and  Snlittor  Dampers 
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Whenever  tho  damper  handle  is  bent  or  the  damper  shaft  Is  twisted,   It  Is  difficult 
to  determine  the  position  of  the  daraper,   since  the  damper  cannot  be  seen.      In  such  a 
case,   the  damper  can  be  positioned  so  as  to  shut  off  the  flow  of  air  to  one  of  the 
ducts.     During  maintenance  services,   such  dampers  should  be  checked  for  alignment.  All 
dampers  should  be  equipped  with  a  locking  device  and  some  means  to  indicate  their  true 
position • 

After  the  dampers  are  checked  for  proper  operation  and  true  alignment  and  the  system 
is  in  full  operation,   balance  the  system  by  adjusting  the  dampers  in  the  main  ducts  and 
branch  ducts. 

Removing  and  Cleaning  Filters 

Air  filters  are  used  to  remove  atmospheric  dust   from  the  incoming  cool  air.  They 
atN-  usually    Installed   in   return-air  chambers,   before  the  blower   (as  shown    Ln  figuro 
1-12),     For  the  best  results,    never  expose  air  filters  to  temperatures  above  150*F. 
Refer  to  AFM  85-18,   Maintenance  and  Operation  of  Refrigeration,   Air  Conditioning 
Evaporative  Cooling  and  Mechanical  Ventilating  Systems,   for  a  description  of  the  types 
of  air  filters. 

Air  Filter  Performance  Factors 


Three  main  factors  determine  the  performance  of  air  filters: 
resistance  to  airflow,   and  filter  efficiency. 


face  velocity , 


RECIRCULATING 
AIR  DAMPER 


LOUVERS 


AIR  INLET  DUCT 

AIR  FILTER 
AIR  HEATER 

FAN 


BRANCH 


TRUNK  LINE     {     AIR  OUTLET  u 


u 


Figure  4-12.     Central   Fan  System  of  Heating 

FACE  VELOCITY.     The  average  velocity  of  air  entering  the  effective  face  area  of  the 
filter  is  called  the  face  velocity.     The  effective  face  area  is  the  total  area  within 
the  filter  frame,    including  any  that  is  occupied  by  bracing  or  grid  members. 
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RESISTANCE  TO  AIRFLOW.  The  resistance  of  a  filter  to  airflow  is  usually  measured  as 
the  pressure  drop  caused  by  the  filter,  expressed  in  inches  of  water  (1  inch  of  water 
o(]uals  0.03613  psi).  The  pressure  drop  of  a  given  filter  depends  on  its  cleanliness  and 
the  volume  of  airflow.  As  airflow  increases  or  the  filter  becomes  loaded  with  dust,  the 
pressure-drop  through  the  filter  increases.  Filter  resistance  increases  rapidly  as  dust 
accumulates  and  may  cause  a  substantial  reduction  in  airflow.  Rate  filters,  when  they 
are  clean  and  operating  at  design  airflow,   in  inches  of  water  (pressure  drop). 

FIL.TKR  15KFICIKNCY.     The  measure  of  an  air  filter's  efficiency  is  its  capacity  to 
remove  dust  from  the  entering  air. 

Types  of  PllterB  and  Their  Maintenance  Procedures 

When  air  filters  are  used,   they  must  be  inspected  at  least  once  each  month  and 
cleaned  or  replaced  whenever  necessary.     Dirty  filters  reduce  airflow,  or  impair  heating 
performance,   and  increase  fuel  consumption. 

THROW  AWAY.     The  condition  of  throw-away  filters  can  be  roughly  checked  by  holding 
them  up  to  the  light.     When  little  or  no  light  shines  through  the  filter,   a  replacement 
is  required.     Washing  and  recoating  of  these  filters  is  not  recommended.     They  are 
usually  made  with  a  graduated  filtering  medium  most  densely  packed  on  the  outlet  side, 
the  purpose  being  to  increase  the  dirt  holding  capacity  of  the  filter.     When  installinf^ 
this  type  of  filter,   make  certain  that  the  filter  is  placed  with  the  denser  filtering 
medium  on  the  outlet  side*     These  filters  are  usually  marked  to  indicate  the  proper 
direction  of  airflow  through  them. 

CLEANABLB.     Cleanable  filters  can  be  renewed  by  washing  them  in  a  strong  solvent  an<I 
allowing  them  to  dry  thoroughly,  as  shown  in  figure  4-13.     They  should  then  be  recoated 
by  a  hand  sprayer.     Filters  are  recoated  only  with  an  adhesive  specified  for  this 
purpose.     These  adhesives,  which  are  available  through  filter  manufacturers,   should  be 
odorless  and  fire  resistant.     They  should  have  a  high  capillarity,  or  ability  to  wet, 
hold  dust  at  all  operating  temperatures,  prevent  mold  formation,  and  evaporate  slowly. 


Figure  4-13.     Washing  and  Drying  Cleanable  Filters 
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Blower  Maintenance 


All  motors  are  mounted  on  adjustable  bases  to  permit  adjustment  of  the  blower  belt 
tension*     Unless  a  manufacturer  specifically  recommends  a  tighter  adjustment   for  this 
>    purpose,  adjust  the  base  )f  the  motor  so  that  there  is  from  1-1/2  to  2-1/2  Inches  of 
play  in  the  best  as  illustrated  in  figure  Make  certain  that  both  pulley  wheels 

are  in  perfect  alignment. 

In  actual  operation,   an  electric  motor 
turns  the  blower  by  means  of  a  V-belt.  As 
tJie  blower  turns,   cool  air  flown  through 
the  filters  which  remove  the  dust  and  dirt. 
From  the  filters,  air  flows  into  the  fan 
which  forces  it  past  the  firebox  to  the 
boat  exchanger  of  the  furnace  where  it  is 
heated.     The  heated  air  is  then  forced 
into  the  warm  air  ducts  into  the  various 
rooms-     As  more  air  is  forced  into  the 
rooms,   the  cold  air  in  the  rooms  flows 
back  to  the  furnace  through  the  cold  air 
returns  to  start  another  cycle. 

Most  warm  air  circulating  blower  units 
are  built  as  part  of  the  furnace  by  the 
manufacturer.     However,   if  the  blower  unit 
must  be  mounted  separately,  care  should  be 
taken  to  fasten  the  blower  and  blower  motor 
on  a  masonry  base,   in  true  alignment*  The 
base  should  be  at  least  three  inches  thick 
and  extend  at  least  12  inches  beyond  the 
furnace  casing.     Install  filters  on  the 
inlet  side  of  the  casing  so  all  air  will  be 
filtered  before  entering  fan. 

The  cabinet,   housing  the  blower  unit,   should  be  fabricated  with  doors  to  facilitate? 
i    ollinfs,  adjustment  and  minor  repairs  on  the  motor  and  blower.     Doors  should  also  be  pro- 
'    vlded  to  enable  the  replacement  of  air  filters.     The  complete  unit  should  be  reasonably 
well  constructed  to  prevent  air  leakage. 

Seal  all  blower  casing  Joints  wita  asbestos  tape  or  caulking  compound.     Check  the 
grouting  around  the  base  of  the  blower  casing  and  furnace  and  make  repairs  if  necessary. 

The  blower  and  electric  motor  bearings  require  regular  oiling  at  least  twice  each 
heating  season*     These  bearings  are  usually  fitted  with  oil  cups.     The  proper  oil 
recommended  by  the  manufacturer  should  be  used.     Care  should  be  taken  not  to  over  oil 
tho  bearing.     However,   the  bearing  should  be  oiled  sufficiently,  otherwise  the  shaft 
will  seize  to  the  bearing,   causing  the  motor  and  blower  to  stop. 


SUMMARY 

The  Air  Force  uses  warm  air  heating  systems  to  a  great  extent  at  its  bases.  The 
forced  warm  air  systems  have  a  decided  preference  over  the  gravity  warm  air  systems, 
Thf:?  heating  supervision  should  procure  manuf  act ut  or '  s  naau?'.ls   for  each  of  these  systems. 
A  thorough  study  of  these  manuals  will  enable  heatts?f5       {•*^i.>"in<^T   to  operate  and  maintain 
these  systems  more  efficiently. 


QUESTIONS 

1,     What  are  the  two  types  of  warm  air  heating  systems  used  for  the  heating  of 
residential  and   small  industrial  buildings? 
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2      How  should  warm  air  ducts  be  cleaned? 


Why  should  dampers  be  equipped  with  a  locking  device? 


•i.     Why  is  true  alignment  necessary  for  the  installation  of  a  blower  and  blower  motor? 


5-     How  ar^*  the  permanent  type  filters  cleaned? 


6.     How  does  a  forced  warm  air  heating  system  differ  from  a  gravity  warm  a-V-  heating 
system? 


7.     What  types  of  furnaces  are  used  with  the  gravity  warm  air  heating  system? 


8.     ?rby  are  asbestos  boards  on  a  wooden  wall  next  to  a  furnace? 


REFiSRENCE 


AFM  85-12,  Volume  II,  Operation  and  Uaintedance  of  Space  Heating  Equipment  and 
Systems,   and  Process  Heat  Utilization 
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SOLID  FUEL  BURNERS 


OBJECTIVE 


To  help  you  learn  about  the  characteristics  of  coal,   the  different  types  of  coal » 
how  coal  is  stored  and  coal  stokers. 

INTRODUCTION 

Although  coal  requires  much  more  equipment  to  be  burned  than  gas  or  oil   its  rela- 
tively low  cost  offsets  the  necessity  for  thi^i  extra  equipmeut. 

Before  coal  can  be  burned  it  must  be  handled  quite  a  few  times.     After  it  leaves  the 
mines  it  arrives  at  coal  storage  areais  where  the  coal  is  checked  and  stockpiled.  From 
there  it  is  taken  by  truck  to  the  individual  heating  plants  where  it  again  is  handled 
quite  a  few  more  times  before  it  reaches  the  heating  unit. 

This  study  guide  will  provide  you  specific  information  about  coal  including: 

  Definition  of  Coal 

  Characteristics  of  Coal 

  Coal  Storage  Area 

  Inspecting  and  Collecting  Coal  Samples 

  Coal  Burning  Equipment 


Coal  is  a  mineral  originated  from  decayed  trees,   ferns,  and  other  types  of 
vegetation.     It  is  composed  of  varying  proporxions  of  carbon,   hydrogen,  oxygen, 
nitrogen,  sulfur,  and  several  noncombust ible  materials  which  make  up  the  ash.     The  ash 
is  composed  mainly  of  silica^  alumina,   iron,    lime,  and  small  quantities  of  magnesia. 


A  brief  description  of  ti.^  more  common  coals  used  by  the  USAF  is  given  in  the 
following  paragraphs,   but  it  should  be  recognized  that  there  are  no  distinct  lines  of 
dtMaarcation  between  the  kinds  and  that  they  graduate  into  each  other. 

ANTHRACITE.     Anthracite  is  clean,  dense,   hard  coal  which  creates  little  dust  in 
handling.     It  is  composed  almost  entirely  of  fixed  carbons.     It  is  comparatively  hard  to 
ignite,  but  burns  freely  when  well  started.     It  is  non-caking^  burns  uniformly  and  is 
smokeless  with  a  short  blue  flame.     This  type  ooal  requires  little  attention  to  the 
fuel-bed  between  firings.     The  average  BTU  content  of  anthracite  coal  is  14,440  BTUs  per 
pound . 

LOW-VOLATILE  BITUMINOUS.     Semi-bituminous  coal  is  soft  and  friable  (easily 
crumbled)*     Pines  and  dust  are  created  by  handling  it.     It  ignites  somewhat  slowly  and 
burns  with  a  meditira  length  of  flame.     Its  caking  properties  increase  as  the  volatile 
matter  content  increases^  but  the  coke  formed  is  relatively  weak.     Having  only  half  the 
volatile  matter  as  bituminous  coals,   it  can  be  burned  with  less  production  of  smoke  and 
is  sometimes  called  a  smokeless  coal.     The  average  BTU  content  for  semi-bituminoUs  coal 
is  15,480  BTUs  per  pound. 


INFORMATION 


Coal  Defined 


Characteristics  of  Coal 


5-1 


ERIC 


of  the- 


7  ?f^?f    ^^'^^^     »it^l"°'>s  coal  is  a  classification  covering  a  large  rango  of 
coals  including  many  types  having  distinctly  different  composition,    propertlJ^  and 
t'^lt  t^.  characteristics.     These  coals  range  from  tho  high-grade  hUumlnous  coals  of 
K?  K       VI     P^^r*"!:  ^^^'^^  °^  Their  caking  properties  rangi  from  coals 

"^^""^  the  volatlles  find  tars  are  dlSIll  led  without 
^.«?r  °i  ^°  ^^^^  classed  as  non-caking  or  free-burning       Most  bl?iiKois 

?4  ^^"^  mn-frlable  enough  to  permit  the  screened  sizes  being  delivered 

^oneral.   they  ignite  easily  and  burn  freely.     The  length  of  [he 
flame  varies  with  the  different  coals,  but  it  is  long.     Much  smoke  and  soot  arJ 
possible     if  improperly  fired,   especially  at  low  rates  of  burning.     The  averJgl  BTU 
content  for  biturninous  coal  is  13,880  BTUs  per  pound.  average  Miu 

H4<,H'''y^~°^7"!?^"^"^  Sub-bituminous  coals  occur  in  the  wetern  states.     They  are 

Jif  weatSer  Sera^e^MS!"  f  T.^  '^'^^'^  ^"^^'^  ^«  ^^^^  ^""^ '  '^en  JxposJd  U- 
fool I      <   ^f^     r     ^^^^^^  to  ignite  spontaneously  when  piled  or  stored.     They  Ian It^ 

T  t^^l  ^^""^  ^^"^"^^  flamep;  are  non-caking  and  frerburnlng^  The 

f™^*^"1*°  ^''^^  P^^'^®^  P«»^«d'  very  little  smoke  or  soot  is 

formed.     The  average  BTU  content  of  lignite  coal   is  7,400  BTUs  per  pound? 

,     ^f^^l^"^^^^'  contains  some  natural  moisture  (range  from  1  to  5  percent  in 

in   Lhe  oores  or^.rnLr  ^^T"'        T""^  lignites).     This  inhorent  fno'Su^o  l.s 

„7..^  %  ^.  '^"'^  t^"®  P*^t  °^  being  retained  when   th,.  coal  l« 

?r«n=f^  Surface  moisture  depends  on  conditions  in  the  mine,   on  length  of  time   i  . 

trnnslt,   and  on  woiither  conditions.  cukuh  oi    time  mi 

ovon'^fat^l20-l3S^Jwor^*^o\^°''°^''T^  heating  a  specially  prepared  sample  in  a  preheated 
perien?  mo?stS?e.^  °*  divided  by  original  weight  gives 


!        „     t  incombustible  mineral  water  left  behind  when  ooal  burns  comoletelv 
It  differs  from  "ashes"  as  the  plant  operator  knows  them,  because  ashes  tISIn  ?rSm  a 
I  li^ll  H  ^^^taln  some  unburned  coal.     Laboratory  determination  of  ash  Involves 

iStlnl  tl  lLnt  l^^OO'i^"  "^^^ture  determination)  until  red  hot;  then  con?Inie 

heating  at  about  1300  F  until  a  constant  weight  is  obtained.     Weight  of  tho  remainder 
divided  by  weight  of  the  original  sample  weight,   gives  the  percentage  of  ash  S^ten"' 

Like  raoisturo,   ash  is  an  impurity  which  Increases  shipping  and  handling  coat  It 
'"vni        ^e-^oved  from  the  furnace  and  the  plant,   requiring  additional  SqulpSen?  aAd 
expense  in  most  cases.     Ash  constitutes  the  biggest  single  factor  in  fiel-bed  and 
furnace  problems,   such  as  clinkering  and  slagging. 

SULFUR.     Sulfur  is  an  undesirable  element  in  coal  for  heating  plant  use.     It  nlavs  a 
part  in  cllakarlng  and  slagging,    in  corrosion  of  air  heaters,  economizers!  breech Ings 
and  stacks,   and  in  spontaneous  combustion  of  stored  coal.     The  determination  ors.ilfur 
sjec'fa"l\st  oriechnicW^^'°'"^  responsibility  of  the  hLtl'i^'^ 

ASH-FUSIOM  TEMPERATURE.     Ash-fusion  temperature  is  ineasurjd  by  heating  cones  of  ash 
,f  temperature  at  which  the  cone  fuses  down  to  a  round  iSmp  1° 

called  the  softening  or  ash-fusion  temperature.  Ash-fusion  temperature  serves  fs  the 
?u\\\ce"fondJ??i°s!°^        clinkering  and  slagging  tendencies  und^r  given  ru:i!?//ar 

HEATING  VALUE.     The  heating  value  of  coal  is  measured  by  burning  a  sample  of  a 
•bomb"  calorimeter.     Fining  the  bomb  with  oxygen  under  pressure  inlures  a  completo 
combustion.     The  value  found  by  this  test  is  the  higher  heating  value,  or  gross 
calorific  value.     All  fuels  containing  hydrogen  have  another  heating  value  called  the 
lower  or  net  calorific  value.     The  difference  arises  because  fySrogSn  Si^ns  ti  lorj 
water  vapor.     Nomally,  the  higher  heating  value  or  gross  calorific  value  of  a  fuel  Is 

8  p  G  O  J.  1. 1. 6  u  • 
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CAKlNCi  AND  COKING  COALvS,     Cr»n8  loi^i  able  confusion  exists  regarding  the  proper  use  of 
the  terms  caMnp:  and  coking.     Heating  coal  drives  off   the  volatile  matter  leaving  behind 
practically  p- rf   carbon:     this  is  called  coke.     It  may  take  the  form  of  small  powdery 
particles  or  may  fuse  into  lumps  o"   varying  sizes  and  strengths.     Formations  of  coke,  in 
one  sha;.e  or  another,   represents  au  Intermediate  stage  of  combustion  in  any  fuel  bed; 
thf?  difference  lioB  in  whether  or  not  h   plastic  stage  occutr  and  lumps  af  coal  form. 
Coal   which  bccomo.s  plastic  and   fo^-ms  lumpr  or  muflsos  of  cokn  arc?  culU^d  oaklnt.:  c-okKs, 
while  those  which  show  little  or  r..    fusing  action  are  called  non-caking  or  f reo-burni 
coal. 

VOLATILE  MATTER  AMD  FIXED  CARB0N3.      It'  a  way  not  yet  f.learly   known,   *v>al  holds 
<:om!)ust ible  gasen  such  as  hydrogen,   meth«,ne  and  other  hydrocarbons,   an<i  incombustible? 
i;j\sus  such  as  carbon  dioxide  and  nitrogen.     This  is  a  volatile  matter.     Heat,  releases 
these  gases,    leaving  behind  a  solid  fuel,   consisting  principally  of  carbon,   but  con- 
taining some  hydrogen,   oxygen,    sulfur  and  nitrogen  not  driven  off  with  the  gases.  '^his 
i«  called   fixed  carbon.     Volatile  matter  is  measured  by  heating  a  sample  at 
approximately  1750*F  for  exactly  seven  (7)  minutes.     The  loss  of  weight,   minus  the 
moisture,   divided  by  the  original  sample  weight,   gives  the  percentage  of  volatile 
matter.     Subtracting  the  percentage  of  moisutre,   ash  and  volatile  matter  from  100 
percent,   yields  the  percentage  called  fixed  carbon. 


COAL  STORAGE 

The  Air  Force  stores  coal  to  have  available  at  all  times  a  reasonable  supply  of  the 
proper  kinds,   sizes,   and  grades  of  coal  in  accordance  with  the  requirements  of  the 
installation  equiixnent,   and  to  provide  an  emergency  supply  for  use  in  case  of 
interruption  of  the  normal  delivery  schedule. 

The  amount  of  the  annual  coal  requirement  that  should  be  stored  at  a  Kiv«n 
installation  may  vary  somewhat  according  to  size  of  plant,    normal  transportation 
facilities  from  coalfields,   ratio  of  summer  demand  to  winter  demands,   type  of  coal,  an%1 
coal  yard  conditions.     The  minimum  reserve  stockpile  to  guard  against  strikes  and 
disaster  consists  of  a  30-day  supplye,  based  on  the  maximuip  roal  burning  month  of  the 
year,   or  20  percent  of  the  total  fuel  consumption  for  the  year,   whichever  is  greater. 


PROCEDURES  FOR  MAINTAINING  A  COAL  STORAGE  AREA 

Coal  should  be  stored  on  ground  that  has  been  properly  graded  and  surfaced.  A 
typical  coal  storage  layout  is  shown   in  figure  5-1.      Improper  storage  of  coal  may  cuase 
spontaneous  combustion.     Usually,   some  coal  is  wasted  when  it  is  stored  on  soft  ground 
because  it  sinks  into  the  ground  and  mixes  with  dirt,   gravel,   clay,   rock,  etc.     When  a 
situation  of  this  type  occurs,   the  foreign  particles  of  the  coal  usually  warp  the  grates 
of  heating  units,    to  say  nothing  about  the  loss  of  manpower  and  wear  and  tear  upon  t^e 
equipment  used  to  move  such  noncombust ible  materials.     Heavy  coal   losses  usually  occur 
when  coal   is  stored  without  proper  drainage. 

Coai   should  never  be  stored   near  sources  of  heat.      Fresh  coal   should  nover  be  piled 
ovor  old  coal.     Storage  piles  and  storage  surfaces  should  be  kept  free  of  metal  scrap, 
rags,   paper,   waste,    scrap  wood,   glass  bottles,   and  other  foreign  materials.  Some 
bituminous  coal,    including  lump,   egg,   and  nut,   should  not  be  piled  higher  than  18  feet 
except  with  the  specific  approval  of  the  Air  Force  command  concerned.     Anthracite  coal 
may  be  stored  to  any  desired  height  within  economic  limits.     Storage  of  bituminous,  run- 
of-mine  coal  should  be  limited  to  a  maximum  height  of  13  feet,   unless  higher  stockpiling 
is  approved  by  the  Air  Force  command  concerned. 

Coal   is  generally  stored  in  stockpiles  300  feet   long  and  56  feet  wide.  An 
allowance  of  20  feet  should  be  made  between  the  stockpiles  for  firebreaks.     The  fire- 
breaks also  serve ^ as  driveways  and  loading  zones.     This  arrangement  permits  efficient 
truck  loading  and  travel,  ample  room  to  operate  coal  handling  equipment,   and  sufficient 
rooia  to  spread  or  shift  the  coal   in  case  a  fire  starts  in  one  of  the  stockpiles* 
Shifting  and  rehandling  of  coal   in  t.^ockpiles  should  be  held  to  a  minimum  in  order  to 
prevent  breakage  and  disintegration  of  coal   into  smaller  pieces. 
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Figure  5-1.     Coal  Storage  Layout 


If  is  It  necessary  to  move  the  coal   It  must  be  done  with  a  clamshell  crane  (Figure 
5-2).     There  will  be  little  or  no  damage  to  the  coal,  providing  the  coal  is  not 
discharged  until  it  is  close  enough  to  the  pile  so  that  only  enough  room  is  allowed  to 
open  it.     Storage  stockpiles  of  sized  coal  should  never  be  shifted  by  pushing  with  a 
bul Idozer . 

Storage  piles  should  be  inspected  at  least  once  a  week  for  evidence  of  excessive 
heating  or  spontaneous  combustion.     Such  evidence  is  ordinarily  discovered  by  steam  or 
by  an  odor  of  coal  gases  escaping  from  the  coal  piles.     For  complete  inspection  of  the 
coal  piles »  3/4-inch  metal  pipes,  closed  at  the  bottom  and  reaching  nearly  to  the  base 
of  the  coal,   are  placed  in  the  coal  pile  approximately  every  5  feet.     In  this  manner, 
thermometers  may  then  be  lowered  into  these  pipes  to  check  the  temperature  of  the  coal 
pile  at  that  point.     The  pipe  should  not  be  removed  once  it  has  been  inserted  because 
the  hole  left  in  the  pile. by  the  pipe  aids  in  the  generation  of  heat.     If  the 
t'^mperature  of  the  coal  reaches  120*F,   the  coal  should  be  watched  closely   for  any  rapid 
rise*  In  temperature;  and  plans  should  be  made  for  immediate  removal  of  the  hotspot. 
flowovcr.    If  the  temperature  rises  slowly   to  about  160*F  within  a  week,   there  la  a  flafi,^«?r 
of  spontaneous  ignition;  and  preparation  should  be  made  to  remove  the  hotspot 
immediately . 

Water  should  not  be  applied  to  burning  storage  coal  piles  to  extinguish  a  fire  or  to 
storage  coal  piles  which  are  heating.     Water  has  a  tendency  to  aggravate  the  condition 
and  spread  the  fire  to  other  points  of  the  storage  pile. 
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Figure  5-2.     Clamshell  Crane 


INSPECTION  OF  COAL  SHIPMENTS 

Coal  Inspection  Insures  that  the  coal  supplier  compiles  with  the  coal  contract 
;?peclf Icatlons.     It  includes  a  visual   Inspection  and  a  chemical  analysis.      A  visual 
inspection  is  made  to  see  if  the  shipment  is  made  in  the  type  of  car  specified   in  the 
contract.     As  stipulated  on  DD  Form  416,   Purchase  Request   for  Coal,   Coke  or  Briquetts, 
first  and  second  preference  must  be  stated  in  the  space  provided.     If  coal   is  shipped  in 
an  unauthorized  type  of  railroad  car,    it  should  be  accepted  only  under  protest,  through 
the  appropriate  Air  Force  command,   to  the  purchasing  agent. 

When  inspecting  coal  to  determine  that  it  is  reasonably  free  from  impurities,  the 
Inspector  must  rely  on  his  knowledge  of  the  appearance  of  previous  shipments.  The 
relative  condition  of  any  carload  must  be  established  by  comparison  with  the  average 
condition  of  previous  carload  shipments  from  the  same  source.     When  visually  inspecting 
a  carload  or  truckload  of  coal,   you  must  examine  closely  the  entire  top  of  the  car. 
Inspect  it  at  nine  or  more  points;  in  three  diagonal   lines  across  the  top  of  the  car, 
dig  into  the  coal  and  expose  it  to  a  minimum  depth  of  2  feet. 

Make  sure  the  coal  is  free  of  slate,   boney  coal,   sulphur  balls,   rocks,   dirt,  mud, 
clay,   and  other  impurities.     Coal  that  is  sttained  or  colored  yellow,   red.   orange,  or 
chalky  gray  is  generally  outcrop  coal  or  coal  with  cover  so  shallow  that  surface  water 
seeps  into  the  stratum  of  coal  and  stains  it  not  only  on  top  but  also  on  slips  and 
butts.     (A  stratum  is  a  sheetlike  mass  of  sedimentary  rock  or  earth  of  one  kind,  usually 
la  a  layer  between  beds  of  other  kinds.)     Oridinarily,   outcrop  coal  is  of  poor  quail I ty, 
high  in  ash,   low  in  heat  units,   and  soft  and  friable  (easily  crumbled). 
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The  loss  or  theft  of  coal   in  shipment  should  not  exceed  1  porcont  ot    tho  weight  of 
coal  as  it  is  shown  on  the  shipping  bill  of  lading.     The  loss  of  coal  can  hr  dt>tected  bv 
the  disturbed  or  irregular  appearance  of   the  coal  at  the  top  oF  the  car.      if  the 
i^oa tents  of  the  car  appear  to  have  been  disturbed,  a  record  of  this  Is  mado  on  AP  F-yrm 
^7,   Coal  Receipt.     Coal  .should  be  rejected  wiien  the  ros.il  is  of   the  vl^^nnl    1  nsii^'P  1 1  ons 
^rn  unsatisfactory.     In  this  case,    the  civil   engineering  office  of  the  appropriate- 
'.:oinmand  concerned  should  bo  notified  Iminodla tely  and  the  authority  obtained  for 
rejection. 

COLLRCTING  COAL  SAMPLES 

Sampling  is  one  of  the  most  important  features  of  determiniag  the  sue r- ...j-s Tul  aMd 
satisfactory  application  of  the  specification  method  of  purchasing  coal.      r  is  ptirr  ...;r.  !«. 
(1)  to  furnish  the  means  whereby   the  Government  is  assured  of  receiving  the  coal 
contracted  for;   (2)  to  protect  the  interest  of  the  Government  by  providing  the  means  tor 
determining    liquidated  damagess  if  contractors  fail   to  deliver  coal  of  the  quality 
guaranteed;  and   (3)   to  furnish  the  purchasing  officer  an  official  basis  for  makihii  his 
purchases.     The  importance  of  proper  sampling  and  analyzing  in  the  Government  coal 
purchases  is  therefore  obvious. 

Samples  must  be  collected  by  a  trained  and  experienced  sampler.     Officials  responsi- 
ble for  the  sampling  must  witness   Che  process  from  time  to  time  to  insure  proper  collec- 
tion and  preparation  of  the  samples.     A  sampler  may  be  required   to  certify  the  method  of 
collecting  and  preparing  samples.     The  purpose  of  certification  is  to  stress  the 
importance  of  doing  the  sampling  conscientiously  and  to  fix  the  responsibility  for 
proper  sampling.     Each  Air  Force  command  and  base  using  coal   is  required  to  hav<^ 
personnel  available  who  are  trained  and  certified  to  sample  coal. 

A  gross  coal  sample,   totaling  not  less  than  1000  pounds  of  coal,   should  be  gathered 
In  proportionate  amounts  from  the  total  cars  of  coal  to  be  examined.     The  gross  sample 
must  not  represent  more  than  20  cars  of  1000  tons,   or  include  coal  from  mines  other  than 
that  which  is  included  in  rhe  contract.     The  weight  of  coal  taken  from  individual  cars 
to  make  a  groSv^  sample  varies  with  the  number  of  cars.     For  instance,   if  one  car  ic; 
sampled,   then  1000  pounds  should  be  taken  from  that  car.     However,   if  20  cars  are 
sampled,   then  50  pounds  should  be  taken  from  each  car.     The  same  procedure  is  used  when 
taking  samples  from  dump  trucks,    except  that  with  dump  trucks,    the  samples  can  be  taken 
from  more  than  20  truckloads  provided  the  total  tonnage  does  not  exceed  1000  tons. 

COAL  BURNING  EQUIPMENT 

Coal  may  be  fed  Into  a  heating  unit  by  any  one  of  several  methods.     It  may  be  fed 
either  by  manual  or  by  mechanical  means.     Feeding  coal   by  mechanical  means  is  by  the  use 
of  mechanical  coal   stokers.     A  coal  stoker  feeds  coal   to  a  heating  unit  intermittently 
upon  temperature  or  pressure  demand,  a  special  time  or  hold-fire  control  is  used  to 
maintain  a  fire  during  periods  when  heat  is  not  required. 

Stoker  firing  has  many  advantages  over  hand  firing  of  coal.     Stoker  firing  permits 
the  use  of  cheaper  grades  of  coal,   maintains  a  more  even  temperature,   increases  the 
efficiency  of  combustion,   reduces  labor  requirements,   and  increases  the  capacity  of  the 
heating  units. 

Mechanical  coal  stokers  are  classified  according  to  their  coal  feeding  rates.  The 
following  classification  of  mechanical  stokers  has  been  made  by  the  United  States 
Department  of  Commerce,   in  cooperation  with  the  Stokers  Manufacturer's  Association. 

Class  1.  Burning  capacity  of  under  61  pounds  of  coal  per  hour. 

Class  2.  Burning  capacity  of  61  to  100  pounds  of  coal  per  hour. 

Class  3.  Burning  capacity  of  100  to  300  pounds  of  coal  per  hour. 

Class  4.  Burning  capacity  of  300  to  1200  pounds  of  coal  per  hour. 

Class  5.  Burning  capacity  of  1200  pounds  of  ^-^-^.l  per  hour  or  over. 
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stokers  also  may  be  divided  into  various  types,   such  as  the  underfeed,  spreading, 
traveling  or  chain  grate,  and  overfeed*     Each  type  has  its  own  field  of  application, 
depending  primarily  upon  the  characteristics  of  fuel  used.     The  choice  of  the  proper 
stoker  also  depends  upon  several  other  factors,  such  as  the  capacity  of  the  heating 
unit,  amount  of  ash  in  the  fuel,  shrinking  characteristics  of  the  fuel,  araont  of  draft 
available  and  the  size  of  the  firebox.     For  this  reason,  stokers  may  vary  in  design  as 
woll  as  construction,  but  the  rate  of  feeding  coal  determines  their  class. 

In  this  study  section,  coal  burning  equipment  will  be  covered  in  the  following  inain 
topics: 

  Underfeed  Stokers    Overfeed  Stokers 

  Spreader    Pulverized  Coal  Burners 

  Traveling  or  Chain  Grato 


Underfeed  Stokers 

In  underfeed  stokers,   coal  is  force--fed  into  the  base  section  of  a  retort.     As  the 
coal  travels  from  the  bottom  of  the  retort,  it  enters  the  oxidizing  zone  and  then  the 
reducing  zone.     This  vertical  movement  of  the  fuel  usually  provides  a  means  for  as*^ 
discharge.     Underfeed  stokers  may  be  either  the  screw  or  the  ram  type. 

Thfi  essential  parts  of  an  underfeed  stoker  are:     hopper,    feeding  device,  retort, 
tuyeres,   grates,    fan,  drive  and  controls. 

Hoppor 

This  is  the  container  which  holds  the  fuel  that  is  to  be  fed   into  the  retort.  Its 
capacity  depends  on  the  type  and  capacity  of  the  stoker.     Some  have  agitators  to  prevent 
coal  from  arching;  others  depend  on  the  slope  of  the  sides  (see  figure  5-3). 

Fo(3dlng  Device 

This  device  can  be  either  the  screw  or  the  ram  type.     The  screw  feed  is  generally 
used  in  small  stokers,  the  ram  in  larger  ones.     The  ram  is  a  piston  or  plunger  which 
injects  the  fuel  by  a  reciprocating  motion.     It  is  connected  to  the  driving  mechanism  by 
•noans  of  a  connecting  rod  (see  figure  5-3). 

Retort 

The  shape  and  size  of  retorts  depend  on  the  capacity  of  the  stoker.     Generally  Lhey 
oblong  in  shape.     On  the  top  and  side  of  the  retort  are  indlvlr^  ial  Iron  segments 
(called  tuyeres)  with  openings  through  which  the  primary  air  for  combustion  enters.  The 
tuyeres  are  made  in  comparatively  small  sections  to  allow  for  exoansion  and  to  reduce 
stresses.     Underfeed  stokers  may  be  of  the  single  retort  type  or  the  multlnlo  retort 
type.     Multiple-retort  stokers  are  always  ram  fed  and  are  use<l  on  the  larger  boilers 
(Stit^  figure  5-3). 

Grates 

Thij  tuyere  blocks  which  form  the  top  of  the  retort  are  surrounded  by  dead  plates  (f.n 
r^maller  stokers)  or  by  side  and  dumping  grates.     Usually  the  side  grates  are  inclined  i:o 
[jromote  gravity  movement  of  the  burning  coal  to  the  ash  discharge  area.     They  can  be 
rstatlonary  or  moving.     Sometimes  they  operate  in  a  wave-like  motion  by  means  of  an 
osclllatinj?:  shaft  to  distribute  the  burning  coal  and  help  move  it  to  the  dujnping  grates. 
Dumping  grates  usually  have  openings  which  provide  air  to  burn  any  remaining  co»nbust. Ible 
material  in  the  fuel.     Ash  disposal  may  be  continuous  (in  stokers  equipped  with  clinker 
grinders)  or  intermittent  (in  stokers  equipped  with  dump  plates)   (see  figure  5-4). 

Fan 

Combustion  air  is  generally  supplied  by  multl-vane  fans  throu^.i  a  metal  duct  which 
discharges  in  a  windbox  surrounding  the  retorts.     The  windbox  may  be  divided  iato  Aomts 
to  permit  better  control  of  the  air  supply  to  the  fuel  box.     Secondary  air  must  be 
provided  above  the  fuel  bed  to  burn  the  volatile  matter  and  assure  'complete  turbulenct^. 
See  figure  5-3  ^ 
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Stokers  are  driven  by  electric  motors,   steam  engines,   and  steam  turbines.  Sorrie 
units  use  mechanical  transmission  for  speed  reduction  and  speod  change?;   somo  use 
hydraulic  transmission;   others  use  variable  speed  V-belt  drives  (seo   figure  5-'H). 

Controls 

The  heat  output  of  the  stoker  depends  on   the  amount  of  coal  and  air.      The  vclume  of 
lir  is  regulated  manually  or  automatically  by  fan  inlet  or  discharge  dampers  or  by  a 
change  of  fan  speed.     The  amount  of  coal  ted  depends  on  the  speed  of   the  drive  by 
varying  the  length  of  stroke  of  the  ram  or  by  varying  the  frequency  of  the  stroke. 


Spreader 

Spreader  stokers  are  usually  of  the  pneumatic-feed  or  mechanical-feed  design       mu . 
the  limited  application  of     he  pneumatic  type  we  will   lim*t  our  discussioD  t*- 
,ii*chanical  spreader  stokers. 

Tn  general,    the  mechanical  spreader  stoker  consists  essentially  of  a   feed^.i  ,  a 
spreading  mechanism  (usually  in  the  form  of  a  rotor  provided  with  paddles  or  blades),  a 
grate,   and  fans  for  primary  and  secondary  air.     Raw  coal   is  delivered  by   the   feeder  to 
the  spreader  at  a  rate  sufficient  to  generate  the  required  amount  of  steara.  The 
spreader  throws  the  coal   into  the   furnace  where  the   finer  particles  burn  in  suspension. 
The  coarser  particles  which  form  the  fuel  bed  fall  on  the  grate.     There,    the  coal 
ignites  at  the  surface  and  burns  down  through  the  fuel  bed.     A  sufficient  number  of 
openings  in  the  grate  permit  an  even  distribution  of  air.     Stationary  or  dumping  grates 
can  be  used  to  dispose  of  ash.     Vibrating  or  oscillating  grates  are  often  employed  in 
units  in  the  12,000  to  60,000  pounds-per-hour  capacity  range  to  provide   for  continuous 
ash  discharge.     Traveling  grates  or  chain  grates  are  generally  used  on  the  larger  types. 
In  these  grates  the  direction  o^  travel   is  usually  from  rear  to  front  with  a  continuous 
ash  discharge  to  a  front  ash  pit. 

Two  of  the  more  common  mechanical  spreader  stokers  are  the  underthrow  rotary-feed 
and  the  overthrow  reciprocating  plate-feed. 

Underthrow  Rotary-Feed  Stokers 

Tn  this  type  of  stoker   (see   figure  5-5)   raw  coal   from  the  coal  hopper  is  delivered 
by  the  rotary   feeder  to  a  circular  tray.     An  underthrow  rotor  distributor  picks  it  from 
the  tray  and  throws  it  into  the  furnace.     The  distributor  consists  of   four  rows  of 
blades  twisted  to  provide  uniform  *i  stribution  of  the  coal   in  the  furnace.     The  circular 
tray  can  be  raised  to  corapeniiate  for  wear  of  the  rotor  blades.     It  also  can  be  moved 
parallel   to  the  travel  of   the  blade  tip. 

The  speed  of  the  rotary   feeder  determines  the  output  of  the  stoker.      The  speed  of 
the  distributor  and   the  position  of  the  circular  tray  determine  the  distribution  of  the 
coal   in  the  furnace.     Air  is  supplied  by  a  separately  driven  fan  and  is  regulated  by 
changing  the  fan's  speed  or  adju-^lng  its  inlet  or  outlet  dampers.     The  air  is  admitted 
under  the  grates. 

Overthrow  Reciprocating  Plate-Feed  Stoker 

In  this  stoker   (see  figures  5-6  and  5-7),   a  reciprocating  feed  plate  pushes  raw  coal 
from  the  coal   hopper  to  a  Gpilling  plate.     From  there,    it   Is  dischafc^ed   to  a  rotor  drum 
with  blades  (the  spreading  mechanism).     The  rotor  throws  t)ie  coal   into  the  furnace  and 
onto  the  fuel  bed.     The  position  of  the  spilling  polate  and  speed  of  the  rotor  determine 
the  disposition  of  coal   along  the  length  of   the  furnace.     The  length  of  travel  and  the 
frequency  of  the   reciprocating  feeder  determines  the  rate  of   feed.     Air  is  supplied  in 
r.>ie  same  manner  as  for  the  underthrow  feeder  stoker. 

Traveling  or  Chain  Grate 
Traveling  grate  and  chain  grate  stoker  differ  only    lvl   the  construction  of  the  grate. 
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Figure  5-6.     Overthrow  Reciprocating  ^-Vned  Type  Spreader  Stoker 
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Figure  5-7.     Continuous  Ash-Discharge  Grate  with  Overthrow  Coal  Feeder 
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Figure  5-9.      Chain  Grate  Stoker  and  Section   Showing  Thinks 
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Traveling  Grate 


In  the  traveling  grate,   the  grate  sections  are  not  under  a  driving  load.     They  are 
made  of  cast-iron  grate  bars  to  which  are  attached  small  cast-iron  castings  called  kevs. 


meso  Keys  make  up  the  grate  surface.  Grate  bars  are  connected  to  an  endless  carrier 
chain  driven  from  the  front  end  of  the  stoker  (see  figure  5-8). 


Chain  Grat»=* 


In  the  chain  grate  stokers,   st     <^ered  .    nks  made  of  cast  iron  are  joined  by  stiiul 
rods  which  span  the  width  - the         xer.     This  assembly  forms  an  endless  chain  which  is 
driven  by  sprocket-  _  at  the  front  of  the  stoker.     An  idler  drum  Is  provided  at 

the  rear.     An  es^^ut^ai   difference  between  the  chain  grate  and  the  traveling  grate  is 
the  shearing  action  created  as  the  chain  goes  over  the  drum.     The  scissor-like  action  of 
the  links  help  break  locse  any  clinkers  which  adhere  to  the  grate  surface.     Because  of 
this  shearing  action,   the  chain  grate  is  adapted  to  burn  coals  that  tend  to  form 
clinkers  (see  figure  5-9). 

Stokers  of  this  design  successfully  burn  coals  which  do  not  require  agitation.  They 
are  most  adaptable  for  use  with  lignites,   small  sizes  of  anthracite  and  free  burning 
bituminous  coal. 


Overfeed  Stokers 

In  the  overfeed  stoker,  see  figure  5-10,  coal  reaches  the  fuel  bed  from  above.  To 
that  extent,  sproaker  stokers  can  be  considered  overfeed  stokers.  Another  type  is;  the 
ovijrfeeti  bibrating  grate  stoker. 

One  common  design  of  this  unit  consists  of  an  entirely  water-cooled  stoker  which 
foi^ds  and  moves  the  coal  down  to  an  inclined  grate  by  brief,   periodic  vibration  of  the 
grate.     Holes  and  light  spots  in  the  fuel  bed  are  prevented  by  the  vibratory  action 
which,  when  properly  adjusted,   produces  even  fuel  distribution. 


Components  Fuel  Bed 

A  refratory   lined,   adjustable  feed  gate,   which  forms  part  of  the  hopper  front,  and 
an  ash  dam  plate  permits  adjustment  of  the  fuel  bed  depth. 


As  Dam  Plate 


A  stationary  or  adjustable  ash  dam  plate  regulates  ash  discharge.  As' 
continuously  over  the  dam  plate  from  which  it  is  dropr^d  to  an  asi  hopper 


Air  Supplv 

^  ^        largiag  into  a  zoned  air  chamber  supplies  primary  air.     Damper  controlled 

.ir  in  ^  ...  each  zone  provide  proper  combustion.     Air  enters  the  fuel  bed  through 

tuyertis  formed  of  grate  blocks  embracing  the  water-cooled  grate  tubes.     This  provides  a 
water-cooled  furnace  bottom.     Overfire  air,   injected  through  nozzles  in  the  front  arch, 
provide  necessary  turbulence  and  additional  oxygen  for  complete  combustion.     This  air  is 
usually  supplied  by  a  separate  blower. 


Vibratory  Motion 

A  mechanical  vibrator  j.i^ovides  the  intermittent  vibrating  motion.  Combustion 
control  determines  vibration   frequency.     The  usual  range  of  vibration  is  from  2  to  5 
seconds  at  a   freciuency  of  once  every  1/2  to  2  minutes.     The  amplitude  of   the  vibration 
i.s   fixed  (about  1/8  inch).     The  vibration  produces  a  reciprocating  rectilin     r  grato 
m*'>vornont  which  helps  move   the  coal  down   the  grate. 
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Figure  5-10.     Vibrating  Grate  Stoker  with  Continuous  Ash  Discharge 


Pul verlzed  Coal  Burners 

Pulverized  coal   burning  equipment,    see  figure  5-11,    is  designed  to  burn  coal  in 
suspension,   which  has  been  reduced  to  a  fine  powder.     Therefore,   a  pulverized  coal 
burning  system  must  have   In  addition  to  the  burner,    the  equipment  necessary   to  properly 
prepare  and  transport  the   fuel   to  the  burner. 

Fuel  Preparation  and  Handling  Systems 

There  are  two  main   types  of  coal   preparation  systems:      the  bin  or  storage  system  and 
the  direct   firing  or  unit  system. 

When  using  the  bin  system,   coal   Is  dlred  and  pulverized   In  a  central  fuel 
preparation   plant  and  pneumatically  conveyed  to  storage  bins  before  it   is  actually 
nt  .;Jod»     This  system   Is  not   In  general   use  today   since  stored  pulverized  coal   presents  a 
fire  hazard  because  of  the  possibility  of  spontaneous  combustion. 
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In  the  unit  system,  coal   Is  prepared  in  unit  pulverizers  as  it  is  required-  Large 
installations  usually  have  several  pulverizers  to  allow  for   flexibility  in  handling 
varied  load  demands.     The  coal  preparation  and  handling  components  of  a  unit  system  are: 
air  heater,  pulverizer  fan,   feeder,  and  pulverizing  mill. 


1  ADJUSTABLE  SECONDARY-AIR  GUIDE  VANES 

2  NOZZLE 

3  ADJUSTABLE  PRIMARY  AIR  AND  COAL  GUIDE  VANES 

4  IGNITION  AND  COAL  SPREADER  TUBE 

5  SPREADER  ADJUSTING  SCREW 

6  PRIMARY-AIR  AND  COAL  INLET  CHAMBER 

7  FLANGE  CONNECTION 

e  SECONDARY  AIR  CHAMBER 

9  COAL  SPREADER 

10  SECONDARY-AtR  DAMPERS 


Figure  5-11.     Turbulent  Type  Pulverized  Coal  Burner 


MR  HEATER.     These  normally  utilize  steam  or  flue  gas  to  heat  the  air  that  is 
r»3  [\iired  to  dry  the  coal  in  the  pulverizer.     Air  inlet  temperature  is  varied  depending 
>n  the  moisture  content  of  the  coal.     The  coal-air  mixture  temperature  at  the  pulverizer 
exit  will  range  from  120*F  to  250*F,  depending  upon  the  type  of  coal  used.  For 
bituminous  coal,  the  temperature  should  be  approximately  150*F. 

PULVERIZER  FAN.     These  fans,   which  supply  the  primary  air  used  to  dry  and  convey  the 
pulverized  coal,  may  be  either  the  suction  type  or  the  pressure  type. 

The  suction  type  fan  is  located  on  the  outlet  side  of  the  pulverizer  and  handles  a 
mixture  of  coal  and  air. 

The  pressure  type  fan  Is  located  in  the  inlet  side  of  the  pulverizer  and  handles 
only  air. 

FL!J)1':R.     The  feeder  is  used  to  control  the  coal  fed  to  the  pulverizer  in  accordance 
with  ihQ.  load  demand.     Usually,   it  will  control  the  flow  of  air  so  that  the  proper  ratio 
of  coal  to  air  is  obtained  for  every  load. 

PULVERIZING  MILL.     The  pulverizing  mill  reduces  the  raw  coal  to  a  point  where 
approximately  75  percent  will  pass  a  200  mesh  screen  aad  only  about  1/5  percent  will  not 
pass  a  48  mesh  screen.     The  most  common  types  of  mills  are:     ball  and  race,  Raymond 
Bowl,   Hardinge  Ball  and  the  attrition  type  (see  Figure  5-12). 
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A  pulverized  coal   burner  mixes  the  steam  of  primary  air  and  fuel  with  the  secondary 

air  and  burns  the  mixture.     The  mixing  is  done  just  prior  to  or  immediately  after 

injection  into  the  furnace.     Burners  produce  an  intimate  mixing  of  air  and  fuel  to 

promote  efficient  combustion  and  prevent   loss  of   ignition.     The  most  common  type  of 
burner  is  the  flare  type. 

Flare  Type  Burner 

In  this  type  of  burner,    coal  and  primary   air  enter  the  center  pipe  and  is  discharged 
through  a  set  of   vanes  which  break  the  mixture  of  coal  and  air  into  a  number  of  streams. 
These  streams  assume  a  swirling  conical   shape  or  flare  as  they   leave  the  pipe.  The 
amount  of  flare  can  be  adjusted  by  moving  the  vanes  into  or  away   from  the  pipe. 

Primary  air  is  supplied  by  the  pulverizer   fan  and  actually  ranges  from  15  to  20 
percent  of  the  total   air  required  for  combustion.      The  balance  or  secondary   air  is 
normally  supplied   by  an   independent  fan.     The  secondary  air  is  given  a  whirling  motion 
by  a  separate  set  of  vanes  located   in  the  wind box  of   the  burner.     Mixing  of  secondary 
air,    primary  air,    and  coal  occurs  beyond  the  burner  tip.     The  mixing  of  these  two 
streams  is  very   turbulent  resulting  in  a  complete  and   intimate  mixing  of  the  fuel  and 
ai  r . 


SUMMARY 


Coal  is  a  fuel  that  is  beco:::I:ig  more  and    .-re  widely  used  by  the  Air  Force  as  an 
alternative  to  ♦^he  dwindling  supplies  of  natural  gas  and  oil.     It  is  therefore  our 
responsibility  to  make  sure  that  the  coal  we  burn  Is  ot  the  quality  re^.uested.     Thle  is 
aone  by  checking  the  coal  shipments  as    hey  arrive*     By  doing  this  we  make  Gurf=5  that  the 
coal  we  receive  is  what  was  requested, 

The  cuiil   Ijs  then  transferred  to  t       unit  that  will  burn  it.     The  type  of  unit  that 
will    iit  -     eed   the  coal  into  the  heating;  ?ialt  is  determined  by  the  araount  of  coal  that 
will  be  buriH^d  each  hour,     l:^ch  type  o    stoker  has  its  own  field  of  application, 
depending  prtr      i  ly  ^pon  the  character  I  sties  of  the  fuel  used. 


QUESTIONS 

»       What  type  of  coal  Is  soft  anu  friable? 

2.  What  type  of  coal  is  high   in  moisture  and  has  a  woody  structure? 

3.  How  niuch  coal  should  be  on  hand  at  any  one  time? 

4.   coal  may  be  stored  to  any  desired  height, 

5.  What  is  the  purpose  of  inspecting  coal  shipments? 


6,     3y  what  means  is  coal  fed  from  the  hopper  into  the  retort? 


7.     What  type  of  stoker  has  a  moving  bed? 


REFKREf^CE 
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GAS  BURNERS 


OHJKCTIVE 


When  you  have  completed  this  workbook,   you  will  be  able  to: 

-  Explain   the  characteristics  of  gas, 

-  Explain   the  theory   of  gas  piping  systems, 

-  Explain   the   types  of  gas  pressure  regulators  and  their  operation, 

-  Explain   the   theory   of  construction  and   operatior*  of   gas  burners. 


NOTE:      Follow  the  removal,    inspection,   operating  and  adjusting  procedures  as 


CAUTION:      Observe  safety   precautions  when   installing  gas  burners - 

1,  Disconnect   the  gas   line   from   the  supply    line  fitting. 
NOTE:     Make  sure  main  gas  valve  is  closed. 

2,  Disconnect  electrical   power   line  from  power  source. 

3,  Inspecting  and  cleaning  the  multiple  gas  burner  - 

a.  Check  manual   gas  valve  for   free  movement. 

b.  Remove  the  burner  head  and  venturl  tube;  check  for  cracks;  clean  If  necessary, 
c  Make  sure  gas   lines,    pilot   lines,   burner  ports  and  orifice  are  not  clogged. 

d.  Clieck  air  shutter   for   free  movement, 

f?.  Chcick    f  f> "   frayed  or   looso  wiring. 


PROCEDURE 


EXERCISE  1 


Gas  Burners 
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4.      fnstal  I  Lng  tho  gas  humor  - 

a.  !l(*pl         thv  bunior  liead  and  venturi  tubo, 

b.  Connocr  f^jis   lino  from  the  distribution  line, 

c.  Turn  manual  gas  valve   to  ON  position  and  check   for  gas  leaks  using  a  soap 


5.     Operating,   adjusting  and  securing   the  gas  burner  - 


Open 

pilot   line  gas  valve  and  light  pilot   (jf  applicable). 

Turn 

electrical   switch   to  ON  position  (If  applicable). 

c . 

Turn 

manual   gas  valve  to  ON  position. 

d. 

Turn 

up  thermostat  (if  applicable). 

o  • 

Check 

and  adjust   ^as  pressure  as  per  instructions  from  instructor. 

6.  Perform  combustion  analysis  to  assure  proper  fuel-air  r^.tio, 

7.  Turn  main  burner  flame  down,    turn  off  pilot  flame,   and  explain  pilotstat  operation. 


8.  Secure  the  burner   from  operation  as  follows: 

a.  Turn  al     manual   and  automatic  gas  valves  to  OFF  position, 

b.  Turn  trainer  elect'-ical   switch  to  OFF  position. 

9,  Clean,    Inspect  and  turn  in  tools. 


so  I  lit  ion  • 
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EXERCISE  2 


Gas  Burners 


Complete  the  following  statements. 


1.     Why   is  natural   gas  an  ideal  fuel? 


What  type  of  gas  is  heavier  than  air? 


3.     The  gas  line  that  delivers  the  gas  to  the  point  of  consumption  is  called  a 


4.     How  much  pitch  should  a  service  line  have? 


5.     How  do  you  check  for  leaks  on  gas  lines? 


6.     What  type  of  regulator  is  usually  used  as  an  appliance  regulator? 


7.     What  safety  device  is  used  on  gas  fired  equipment  to  shut  off  the  gas  to  the  mai 
burner  if   the  pilot  light  goes  out? 


8.     What  is  the  primary  control   for  a  domestic  gas  burner? 


9.     What  type  of  pllotstat  cannot  be  used  on  L?G  gas  systems? 


10.     What  components  are  contained  in  the  combination  gas  valve? 


11.     What  determines  the  amount  of  gas  burned  In  a  gas  burner? 


12.     The  part  of  the  gas  line  that  feeds  the  gas  to  the  orifice  is  called  a 


13.     How  are  gas  burners  classified? 


14.     Where  do  the  gas  and  air  complete  their  mixing  process  in  the  premising  burner? 


15.     You  inspect  a  gas  burner  and  notice  that  the  flame  is  mostly  blue  with  yellow  ti 
what  does  this  condition  mean? 
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EXERCISE  3 

Oporiition  and  Maintenance  of  Gas  Burners 

1 .  What  areas  should  be  examined    for  soot  and  carbon  formation? 

2.  What   is  the  first  step  in  a  preliminary   inspection  of  a  gas   fired  furnace? 
M .       How   IN  j^as    flow  supplied   to   the   ])ilot    light  on   the  niore  expensive   heatinj^  units? 


4,       V/hat   type  of  fuel  would  be  used  during  production  hours   for  a  central  heating 
plant? 


5,       How  is  carbon   removed   from  the  flame  of  a  giis  burner? 


G.       What  conditions  account  for   the  greater  share  of   faulty   pilot   light  troubles? 


7.       What  do  soot    formations  on  the   interior  of  the  combustion  chamber  and   passages  ii^ 
heating   unit  indic^-atc? 


8.       Where  does  the  air  and  gas  complete  their  mixing  with  a  noz-zle  mixing  gas  burner? 


9.       What  is  secondary  air? 


ID,     What  are  the  four  main   types  of  burner  ports? 


11,     Where   is  the  pilot   light  located? 


12 •     What   is  used  to  measure  gas   pressure   in  pounds  per  square  inch? 
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13.      What   three  devices  arc   used    to  measure  gas  pressure? 


14,      Whose   procedures  should   be   followed  when  replacing  gas  burners? 


1  rj .      How  do   you   increase   the  out])nt    from  a  gas   pressure   rt-^gul  a  tor? 


16,     Why  do  you  inspect  burner  orifices? 


GAS  SPACR  HRATKKS 

OBJECT I VR 

This  workbook   vsras  designed   to   guide  you   in   identifying   the   procedures  for 
maintaining  gas  space  heaters. 

PROCtiOURE 

EXERCISE  1 
Maintaining  Gas-Fired  Space  Heaters 

CAUTION :      Observe  safety   precautions  when  using  hand   tools  and  when  working  around 
gas  systems. 

1.  Inspect  tools   to  insure  good  condition  and  correct  number. 

2.  Disconnect,    inspect,    clean^    reconnect,    install  and  operate  a  gas-fired  heater, 
following  these  step-by-step  procedures. 

a.  Disconnect  gas   line  from  supply   line  fitting  and  combination  temperature 
control . 

NOTE:     Make  sure  main  gas  valve   is  clothed. 

b.  Disconnect  stovepipe  from  heater  outlet. 
NOTE:      Do  not  disassemble   the  stovepipe. 

c.  Lift  heater  and  carry   to  work  area. 

CAUTION:     Do  not  use  combination  temperature  control   to  carry  heater. 

d.  Remove  top  louvers  from  outer  casing. 

e.  Remove   the  blower  and  clean  it. 
NOTE:      Use  rags  to  clean  blower. 

f.  Disconnect  manual  control   from  combination  temperature  control. 

g.  Disconnect   thermocouple  from  combination  temperature  control. 

h.  Disconnect  remote  bulb  from  mounting  bracket  on  space  heater. 

CAUTION:     Be  careful   with  the  remote  bulb,   do  not  bend  or  break  the  line. 
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Remove  the  combination  temperature  control  and  piping. 

CAUTION :     Do  not  bend  or  break   remote  bulb  line  or  disassemble  combination 
tomperat  are  con t  ro 1 . 

Inspect  and  clean  the  .space  heater* 

NOTE:     Check  combustion  chamber  for  corrosion  and  holes. 

LLst  .vtep-by-step  procedure  for  installing  a  new  combination  temperature  control 
and  have   the  instructor  check  your   list  before  proceeding. 

on- 


Using  your  step-by-step  procedures,    install  a  new  combination  temperature 
control . 

Replace  the  blower. 

Install   the  space  heater. 

Operate  the  space  heater  as  follows: 

(1)  Puph  the  control  dial  down  and   turn  it  to  the  OFF  position.  Place 
tei  perature  dial  at  its   lowest  setting. 

(2)  Open  the  small   lighter  door  on  the  side  of  the  combustion  chamber.  ^ 

(3)  Hold  a   lighted  match  near  the  pilot  burner. 

(1)     Turn  the  control  dial  to  the  pilot  position,   depress  the  dial  and   light  the 
pilot.      Keep  the  control  dial  depressed  until   the  pilot  stays  lit. 

(5)  Release  the  dial  and  turn  to  ON  position. 

(6)  Turn  the  dial  to  "9"   and   the  main  burner  will  come  on. 

(7)  Turn  the  temperature  dial   to  desired  setting,    usually  between  "5"  and  "6". 
Turning  toward  "1"  reduces  temperature  and  toward  "9"   increases  tempera- 
ture. 

(B)     To  turn  off  main  burner,    turn  control  dial  handle  to  "PILOT."     To   turn  off 
completely,   depress  control  dial  handle  and   turn  to  "OFF"  and  turn  tempera- 
ture dial   to  "1 ^ 

Perform  combustion  analysis  to  assure  proper  fuel-air  ratio. 
Shut  down  unit. 

(1)  Turn  control  dial  handle  to  "OFF." 

(2)  Shut  oif  gas  supply. 

(3)  Unplug  unit. 
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KXKRCISE  @ 


Gas  Space  HoatorK 


(^)npK»t<>   tho   following;  .s  ta  t  einon  ts  . 


1  . 


The  types  of  gas  space  heaters  are 


and 


What   type  of   gas  space  heater (s)   must  be  vented? 


3.     Why  must  unvented  space  heaters  be  Installed   in  a  well   vented  area? 


4.      What   is   the  purpose   of  casing? 


5-      Whose  procedures  should   be   followed   for   disassembling  a  gas  fired  space  heater? 


(3.      What  must  be  done  before  pipe  joints  are  assembled? 


7.      What  must   be  done  after   Installing  pipe  joints? 


8.      Tiie  size  of   the  gas  p ' pe   necessary   for   the   unit   is   dependent  upon  what  factors? 


9.      Why   must    the   exhaust   vents   be   installed  with    the  male  ends   pointing  down? 


10.      How  much  pitch  must  a  horizontal   flue  have? 


11.      Why    is  a  draft   diverter   installed  on  a  gas    fir  d   space  heater? 


1!^.     Wliat  happens   if   too  much   primary  air   is  added   to  a   gas-firod  spacer?  )ic?n(.or? 
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UNIT  HEATKRS 


OBJECT  I Vli 


V/hen  you  have  co:Tipleted   this  workbook,   you  v^'ill  be  able   to   install  and  maintain  a 
unit  heater. 


pr(x:edure 


EXERCISE  1 


NOTE: 


Using  the  following  procedures  and  correct  safety  practices,    remove,  inspect, 
clean,    install,   operate  and  adjust  a  gas  unit  heater   located  in  the  study 
performance  area.     Draw   required  tools  from  tool  cabinet.      Inspect  the  tools 
to  insure  good  condition  and  correct  number. 


1.  Disconnect  electric  cord  from  power  source. 

2.  Turn  off  gas. 

NOTE:     Make  sure  gas  valves  on  main  gas  lines  are  off. 


3.     Loosen  brackets  and  remove  stack. 

CAUTION:     Do  not  allow  heater   to   fall;    loosen  brackets  only   enough   (:o  remove  the 
stack. 


4.  Remove  pipe  connections   from  main  gas  header  to  the  combination  gas  valve  on  the 
unit  heater. 

5.  Remove  heater  and  take  to  workbench. 

NOTE:      Unit  heater  should  not  be  removed  by  Just  one  person.      Inform  instructor  when 
you  arc?  ready  to  take  down  the  heater. 

6.  Disassemble  heater  as  follows: 

a.  Remove  side  cover. 

b.  Remove  top  cover. 

7.  Clean  heater,    check  fan  and  motor. 

NOTE:     Notify   instructor  of  your  findings. 
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Install   neater  back  on  bracket. 

NOTE:      Inform  instructor  when  you  are  ready  to  install   the  heater. 
Turn  oa   gas  and  check   for  leaks. 
Connoct    olocrlc  cord  to  power  source. 
Operate  heat  using  the  following  procedures: 

a.  Depress  knob  on  combination  gas  valve  and  turn  to  "pilot/'  depress  knob  and 
1 Ight  pilot. 

NOTR:     Hold  knob  down   from  30  seconds   to  1  minute. 

b.  Turn  knob  to  ON  position. 

NOTK:     Make  sure  thermostat   is  turned  down  before  turning  to  ON  position. 

c.  Set  thermostat  for  desired  temperature. 

Perform  combustion  analysis  to  assure  proper  fuel-air  ratio. 

MOTE:      If  adjustments  are  necessary  remove  bottom  cover  to  expose  burners. 

Secure  heater  using  the  following  procedures: 

a.  Turn  down  thermostat. 

b.  Turn  knob  to  OFF  position. 

c.  Turn  main  gas  valve   for  heater  to  OFF  position. 

NOTE:      Do  not  turn  main  heater  gas  valve  off  until   told  to  by  instructor. 

d.  Unplug  electric  cord. 
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EXERCISE  2 
Un  L  t  Ilea  ters 

Complete  the  following  statements. 

1.  How  are  unit  heaters  classified? 

2.  What  is  a  disadvantage  of  using  steam  and  hot  water  unit  heaters? 

3.  Where  are  steam  and  hot  water  unit  heaters  mainly  used? 

4.  What  type  of  unit  heater  is  used  where  individual   metering  of  the   fuel   is  required? 

5.  What  type  of  unit  heaters  cannot  be  used  in  a  fuel  storage  area? 

6.  The  main  parts  of  a  unit  heater  are  • 

7.  How  should  unit  heaters  be  located? 

8.  What  type  of  unit  heaters  use  a  finned  tube  heating  element? 

9.  How  does  the  thermostat  control  temperature  when  using  a  hot  water  unit  heater? 

10.  What  monthly  maintenance  should  be  done  on  hot  water  unit  heaters? 

11.  If  a  heated  space  fails  to  heat  properly  when  using  a  hot  water  unit  heater,  what 
must  you  ^heck? 
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FORCRD  WARM  AIR  HEATING  SYSTEMS 

OBJECT I VRS 

Given  information,   state  the  principles  relating  to  the  theory  of  operation  and 
construction  of  warm  air  heating  systems  by  correctly  answering  80%  of  the  questions. 

Given  infonnation,  explain  the  procedures  to  follow  to  inspect,   clean,  and  install 
heating  outlets  to  system,   repair  or  replace  duct   insulating  material,   how  to  inspect 
and  adjust  distribution  dampers  and  balance  distribution  system,  and  Uow  to  inspect  and 
adjust  air  register??  by  correctly  answering  80%  of  the  questions. 

Given  information,  explain  the  procedures  to  follow  to  inspect,   remove,   clean  and 
replace  heat  exchangers  and  how  to  maintain  humidifiers,   by  correctly  answering  80%  of 
the  questions. 

Given  inf ornteit ion ,  explain  the  purpose  of  air  filters  and  the  types  of  air  filters 
by  correctly  answering  80%  of  the  questions. 

Given  tools,   equipment  and  procedures,   perform  a  preoperational   inspection  and 
operate  a  warm  air  heating  system  and  inspect,   clean  and  replace  warm  air   filters  with 
instructor  assistance. 

Given  tools  and  equipment,   connect  warm  air  outlet  to  system  with  instructor 
assistance. 

PROCEDURES 

Complete  exercises  as  directed  by  your  instructor. 

I  Exercise  1 

Forced  Warm  Air  Heating  System 

Use  the  following  procedures  when  operating  a  warm  air  heating  system  and 
inspecting,   cleaning  or  replacing  warm  air  filters: 

1.  Remove  jewelry. 

2.  Obtain  necessary  tools  from  tool  locker. 

3.  Remove  warm  air  filter. 

4.  Determine  if  filter  is  dirty.     If  so  take  appropriate  measures. 

5.  Replace  filter. 

6.  Have  instructor  determine  if  filters  are  installed  correctly.     If  okay  proceed  to 
next  step. 

7.  Perform  preoperational  inspection. 

8.  Turn  on  gas  and  check  piping  for  gas  leaks. 

9.  Plug  in  unit  and  fire  it. 

10.  Let   unit  run  through  a  complete  cycle. 

11.  Have  instructor  check  work. 

12.  Secure  the  unit. 
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EXEKCISE  2 

Comploto  the  following  statements. 
1.     The  types  of  warm  air  furnaces  are  and 


2.  Whan  type  of  furnace  discharges  air  out  the  top? 

3.  What  are  the  most  common  types  of  warm  air  furnaces  in  use  today? 

•1.      Mf)w  many   parts  are  there  to  a  warm  air  furnace?  What   are  they? 

5.  What  part  of  a  warm  air  furnace  is  considered  to  be  the  primary  heating  surface? 

e.  Whose  procedures  should  be  followed  when  inspecting  and  maintaining  a  warm  air 
X  urnace  r 

7,  How  does  cold  air  affect  the  operation  of  a  chimney? 

8,  How  should  a  warm  air  furnace  be  installed? 

9,  Before  installing  a  heat  exchanger,   what  should  be  done? 

10-  !Iow  much  pitch  should  a  horizontal   vent  pipe  have? 

11-  If  a  chimney  has  a  blower  assisted  draft,   what  is  the  shortest  it  may  be? 

12.  How  mMch  free  sir  opening  must  a  warm  air  furnace  have? 

13.  What  controls  are  in  a  combination  control? 

14.  What   type  of  humidiTier  contains  a  float? 

15.  What   is  the  sensing  element  used  in  a  humidstat? 
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For  maxiraum  efficiency  and  comfort,   a  fan  control  setting  should  be 


17.     Locate  figure  4-2.     What  device  controls  the  operation  of  the  fan  motor? 


18.     Locate  figure  4-3.     How  much  voltage  is  supplied  to  the  gas  valve? 


19.     Locate  figure  4-4.     Which  terminal  of  the  oil  burner  primary  control  supplies 
to  the  oil  burner? 


20.     Before  starting  an  oil  fired  warm  air  furnace,  what  should  be  done  first? 


21.     What  is  the  main  difference  between  the  types  of  warm  air  systems? 


22.     What  type  of  warm  air  system  is  designed  to  "blanket"   the  area  to  be  heated? 


23.     When  using  the  perimeter  loop  system,   what  purpose  does  it  serve  to  bury  the  ducts 
in  the  concrete  slab? 


24.     How  is  air  velocity  reduced  through  the  registers  on  a  perimeter  radial  system? 


25.     What  type  of  warm  air  system  is  not  recommended  for  use  by  the  Air  Force? 


20. 


What  advantage  does  an  extended  plenum  system  h..ve  over  the  perimeter  systems? 


27. 


What  is  the  purpose  of  the  plenum  chamber  or  bonnet? 


28. 


How  often  should  air  filters  be  checked? 
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Exercise  3 
Connecting  Warm  Air  Outlets  to  System 

PROCEDURES 

1.  Remove  all  Jewelry. 

2.  Unplug  furnace  from  power  source. 

3.  Remove  scr"<£fWfe  holding  plenum  to  furnace. 

I.     Wi  *  h  thn  assistanco  of  a  cla.ssmate,    lift   plenum  chamber   from  furnace  and  sc^t  on  to 
work hi  nfth . 

5.  Using  duct   tape   In  locker  repair  holes  In  ihsuld-tlon  as  needed. 
STOP:      Inform  Instructor  that  you  have  reached  this  point. 

6.  When  told  to,    reinstall   plenum  chamber  on  furnace  and  put   screws  back  in. 

7.  Return  tools   to  locker. 

8.  Clean  up  work  area. 

Inform  instructor  upon  completion. 
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SOLID  FUEL  BURNERS 

OHJKCTrVI': 

This  workbook  was  designed   to  guide  you  in  identifying   the  procedures   lor  maintain- 
ing solid   fuel  burners. 

PROCEDURES 

KXERCISE  1 
Solid  Fuel  Burners 
Complete  the  following  statements. 

1.  What   type  of  coal   is  smokeless  and  burns  with  a  short   blue  flame? 

2.  What   type  of  coal  will   ignite  spontaneously  when  piled  or  stored? 

3.  What  major  effect  does  moisture  have  on  coal? 


4.  What   is  ash? 

5.  Why   is  sulfur  an  undesirable  element? 

6.  How  much  coal  must  be  on  hand  at  any  one  time? 

7.  If  coal   is  improperly  stored,   what  can  it  cause? 

8.  What   is  the  mazimum  height   that  bituminous  coal  may   be  stored? 

9.  What   is  the  maximum  height   that  anthracite  coal  may   be  stored? 

10.  Who  should  approve  stockpiling  of  bituminous  run-of-mine  coal  over  13  feet? 

11.  V/hy   is  20  feet   left  between  stockpiles  of  coal? 

12.  Why  should  a  bulldozer  never  be  used  to  move  coal? 
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13.  At  what  temperature  should  a  coal  pile  be  moved   to  avoid  spontaneous  combustion? 

14.  \Vhy  should  water  not  he  sprayed  onto  a   pile  of  coal   that   is  on  fire? 

lij.  Wh:tt   is   t.lit*  purpos<^  of    in.sr>ooting  coal  shipments? 

1^3.  What  must  be  done   if  coal   is  shipped  in  an  unauthorized   type  of  railroad  car? 

17.  What   is  the  maximum  amount  of  coal    that  should  be  considered   lost  or  stolen? 

18.  How  much  coal  should  be  collected  for  a  coal  sample? 

19.  If  10  coal  cars  are  sampled,    how  much  coal  should  be  taken  from  each  car? 

20.  How  are  mechanical  coal  stokers  classified? 

21.  How  would  a  stoker  that  burns  120  lbs  of  coal  per  hour  be  classified? 

22.  v/hat  are   tbe   types  of  underfeed  stokers? 

23.  V/hat   is   the  purpose  of   the  hopper? 

24*  l^ocate  figure  5-3.     What   type  of   stoker  is  it? 

25.  What  purpose  do  the  tuyeres  serve? 


26.  Multiple-retort  stokers  are  always  and  are  used  on 

27.  What   type  of  stoker  is  in    figure  5-4? 

Where  does  secondary  air  come  from  when  burning  with  coal? 

29.  What  dettM  !!ii  n<?s  the  heat  output  of  a  stoker? 

30.  What  are   the   types  of  spreader  stokers? 


31.     What  determines   the  rate  of   feed  on  the  overthrow  reciprocating  plate-feed  stoker? 
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32.  What  type  of  stoker  is  it  where  coal  starts  burning  in  suspension  but  completes  its 
burning  process  on  the  fuel  bed? 

33.  Traveling  grate  and  chain  grate  stokers  differ  only   

34.  How  are  traveling  grate  stokers  constructed? 

35.  What  advantage  does  the  chain  grate  stoker  have  over  the  traveling  grate  stoker? 

36.  What  type  of  stokers  can  be  considered  overfeed  stokers? 

37.  What  is  the  purpose  of  using  a  vibrating  bed  on  the  overfeed  stoker? 

3«.  Using   figure  5-10  as  reference,    explain  the  purpose  of  the  air  chambers. 

39.  At  what   frequency   is  the  usual   range  of   vibration   for  the  mechanical  vibrator? 

40.  How  does  a  pulverized  coal  burner  burn  coal? 


41 . 


What  is  the  purpose  of  the  pulverizer  fan? 


42. 


What  type  of  stoker  has  a  moving  fuel  bed? 
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()p(M';iti<>n    a  lul    ul;i  i  r>  1,«  •  iia  im  .( •   ol    <'i:i^i  i>iiriMM\s 
1.        Wliut.  ari.'us  should   bo   c^xainiruKl    tor  sc)t>L  uiul   «i;irbon    ♦  o  rnui  t  Ion? 

'.i  .        V/h:it   is   the   Tirst  stei?   in  a  prelirninary    intspection  of  a  ^a.s    rirfut  rurii.ice? 

!U        How    i«  icas    flow  supplioil    to    tlio   pilot    light  oa    tlio  i.ioro  oxijoni^ivo   houtlag   liui.  t.s? 


4»        Whiit    typo  of   fuel   would   be   usotl  durint;   production   hours    Cor  a  cotitral  heatiui^ 
plan t? 


5.        How    Is  carbon   ronujved    from   the   flame  of  a  i;as  burner? 


V^liut  conditions  account    for   the  greater  sliare  of   faulty   pilot   li^;ht  troubles? 


7.        V/hat  do  soot    formations  on   the   interior  of    the  combustion   chauibcjr  and   passat^es   in  a 
heating   unit  indicate? 


H.        Whoro  do<?s   tho  air  and  complete   their  mixing  with  a  no/,x;le  rnixinj^   ^as  turner? 


^) .        What   i^3  sc*condary  air? 


10.     What  art*   the    four  main    types  of   burner  i)orts? 


11.      Whert:   l.s    tlie  pilot    light  li>cated? 


1-i .      Wliat   i^i  ius<mI    to  measure  t^as   pressure   in   pouruls   jier  square  inclj? 
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13.      What   three  devices  are  usud   to  measure  gas  pressure? 


14.      Whose   procedures  should  be    followed  when   replacint$   t;as  burners? 


1:3.      How  do  you   increase   the  outi)Ut   from  a  tjas   pressure  regulator? 


16.      Why   do  you  inspect  burner  orifices? 
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FORCRO  WARM  AIR  MRATTNG  SYSTEMS 

OBJECTIVES 

Given  Information,   state  the  principles  relating  to  the   theory  of  operation  and 
construction  of  warm  air  heating  systems  by  correctly  answering  80%  of  the  questions. 

Given  Information,   explain  the  procedures  to  follow  to  Inspect,   clean,  and  Install 
heating  outlets  to  system,   repair  or  replace  duct   insulating  material,   how  to  inspect 
and  adjust  distribution  dampers  and  balance  distribution  system,   and  how  to  inspect  and 
adjust  air  registers  by  correctly  answering  80%  of  the  questions. 

Given  Information,   explain  the  procedures  to  follow  to  inspect,    remove,   clean  and 
replace  heat  exchangers  and  how  to  maintain  humidifiersp   by  correctly  answering  80%  of 
the  questions. 

Given  information,  explain  the  purpose  of  air  filters  and  the  types  of  air  filters 
by  correctly  answering  80%  of  the  questions. 

Given  tools,   equipment  and  procedures,   perform  a  preoperational   Inspection  and 
operate  a  warm  air  heating  system  and  inspect,   clean  and  replace  warm  air  filters  with 
instructor  assistance. 

Given  tools  and  equipment,   connect  warm  air  outlet  to  system  with  instructor 
assistance. 

PROCEDURES 

Complete  exercises  as  directed  by  your  instructor. 

Exercise  1 

Forced  Warm  Air  Heating  System 

Use  the  following  procedures  when  operating  a  warm  air  heating  system  and 
inspecting,   cleaning  or  replacing  warm  air  filters: 

1.  Remove  Jewelry. 

2.  Obtain  necessary  tools  from  tool  locker. 

3.  Remove  warm  air  filter. 

4.  Determine  if  filter  is  dirty.     If  so  take  appropriate  measures. 

5.  Replace  filter. 

6.  Have  Instructor  determine  if  filters  are  installed  correctly.      If  okay  proceed  to 
next  step. 

7.  Perform  preoperational  inspection. 

8.  Turn  on  gas  and  check  piping  for  gas  leaks. 

9.  Plug  in  unit  and   fire  it. 

10.  Let  unit  run  through  a  complete  cycle. 

11.  Have  instructor  check  work. 

12.  Secure  the  unit. 


4-1 

517 


Exercise  3 
Connecting  Warm  Air  Outlets   to  Systom 

PROCEDURES 

1.  Remove  all  Jewelry. 

2.  Unplug  furnace  from  power  source. 

3.  Remove  screws  holding  plenum  to  furnace. 

4.  With  the  assistance  of  a  classmate,    lift  plenum  chamber  from  furnace  and  set  on  to 
workbench . 

5.  Using  duct  tape  in  locker  repair  holes  in  insulation  as  needed. 
STOP:      Inform   instructor  that  you  have  reached  this  point. 

6.  When  told  to,    reinstall   plenum  chamber  on  furnace  and  put   screws  back  in. 

7.  Return  tools  to  locker. 

8.  Clean  up  work  area. 

9.  Inform  instructor  upon  completion. 
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EXPLANATION  OF  TERMS 
ABSOLUTK  ZEUO  —  Whoro  molecular  activity  coasos   (  450 .  G9  •  !•  ;  . 
ABSORPTION  —  Process  of  absorbing,   to  take   In,  make  a  t>:irt  of. 

ACCESSORIES         Items  not  erjsontial  ,   but  adding  to  the  convenience  or  o f  f ec t  ivenesR  of 

something  else.  1 

ACCUMULATE  —  Collect,   to  increase  in  quantity, 

ADJUSTMENT  —  To  regulate,    to  bring  to  a  more  satisfactory  state. 
AGITATOR  —  Device  for  shaking  or  stirring • 

ALIGNMENT  —  Putting  into  precise  position,    proper  post  t  ionl  utr  or  st,-\te  of  adjus  tmt?ri  t  of 
pa  r ts • 

ALTITUDE  —  Tho  vortical  elevation  of  an  object  above  woa  level, 

ANALYSIS  —  Identification  or  si?paration  of   Ingredients  of  a  substance,   separation  of  a 
whole  into  its  component  parts. 

ANALYZER  —  Device  used  in  analysis. 

ANEMOMETER  —  Instrument   for  measuring  and  indicating  the   force  or  speed  of   tho  wind. 
ANTHRACITE  —  A  hard,   shiny  coal. 

AQUASTAT  —  A  controlling  device  actuated  by  water  temperature?. 

ASBESTOS  —  A  fire-resistant  material. 

ASPHYXIATION  —  Death  because  of  lack  of  oxygen. 

ASPIRATOR  —  Device  used  to  create  a  suction. 

ATMOSPHERIC  —  Of  or  relating  to  tho  atmosphere. 

ATOMIZATION  —  Act  of  atomtr.ing,   breaking  Into  fine  particles. 

AUTOMATIC  —  Self  acting. 

AUXILIARY  —  Providing  help,   functioning  in  a  subsidiary  capacity. 

BAFFLE  —  Use  to  direct  flow  of  gases,  steam  or  water. 

BEARING  —  A  machine  part  In  which  a  shaft  or  pin  turns. 

BIMFTALLIC  —  Composed  of  two  different  metals. 

BINARY  —  Something  constituted  of  two  things  or  parts. 

BITUMINOUS  —  vSoft  coal. 

BLOWDOWN  —  Discharge,   drain  partially. 

BOILER  —  the  part  of  a  si  cam  generator  la  which  water  Is  converted  into  sccam  ana  consfsls  of  uu'l.il 

shells  and  tubes. 
BTU  —  British  thermal    unit,   unit  of  heat  measurement. 

BURNER  —  Part  of  heating  Uiiit  which  produces  flame. 
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CAKINCi         To   form  or  luirdtMi   into  a  mass. 
*  CALIBKATION  —  To  dotormino,   a  mark  of  graduation,   the  act  or  process  of  calibrating. 
^^PACITY  —  Meas\ire  of  content,  maximum  output. 

CARBON         An  essential    part  of  coal  and  oil. 

CAHBON  OlOXIDK  —  A  gas  consisting  of  one  part  carbon  and  two  parts  oxygen  (CO2) • 

CArtBON  MONOXlDfO  —  A  gas  consisting  of  one  part  carbon  and  one  part  oxygen  (CO). 

CATHODIC  PUOTKCTION  —  Reduction  or  prevention  of  corrosion  of  a  metal   surface  uc 1 ng  an 
^         oloctrical   current  flow. 

CKI.SIUS  —  Thormomot ric  scale,    the   Interval  between  freei'eing  and  boiling  is  divided  into 
100  degrees. 

^CKNTIMETKK  —  Metric  measurement  equaling  0.39  inch;   O.Ol  of  a  meter. 
CENTRIFUGAL  —  Going  or  acting   in  a  direction  away  from  a  center  or  axis. 
CBAUAC I KHISTIC  —  Trait,   qualities  or  properties. 

CUIMNKY  —  Vortical  structure  enclosing  a  flue  that  carries  off  combustion  gattes. 

CIUCUIT  —  Tho  complete  path  of  an  electrical  current  usually  including  the  source  of 
electric  cnor^V • 

ClHClM.ATt:  —  To  mov<?  ,   usually  in  a  circle,   circuit  or  orbit. 

CLASSIFICATION  —  Division  of  a  larger  category. 

CLASSIFIED  —  Divided  into  classes. 

^^OKFFICiyNT        A  number  that  serves  as  a  measure  of  some  property  or  cliaracteriot ic. 

COMBINATION  —  Two  or  more,  together. 

COMBUSTION  —  Burning. 

COMPKNSATING  —  Making  up  for  sometiing. 
COM'^ONFNT  —  A  part  of. 
COMPOSITION  —  Made  up  of. 

CONCKNTRATION         Strength   (as  in  strong  tea). 
CONDENSATION         Act  of  steam  turning  back  into  water. 
CONDUCTION  —  The  act  v)f  convoying    leat  through  an  object. 
CONDUCTIVITY  —  Ability  to  conduct. 
CONSTANT  —  Always  or  lasting. 

CONSUMER  —  A  unit  which  uses  steam  or  hot  water. 
CONSUMPTION  —  The  usage  of  stearr  or  hot  water. 
CONTROL  —  Having  power  over. 

CONVECTION  —  The  act  or  process  of  conveying • 
CORROSION  —  Act  of  eating  away  by  degrees* 
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COUNTERWEIGHT  —  An  equivalent  poundage. 

CSG  —  Commercial  Standard  Grade  (grades  of  oil). 

CYCLE  —  A  sequence  of  a  recurring  succession  of  events. 

DAMPER  —  A  plate  used  to  regulate  the  flow  of  air  or  gasos. 

DE-ENERGIZE  —  Remove  the  energy  from. 

DEMAR:CATION  —  The  set  limits  of. 

DENSE  —  Having  high  opacity,   crowding  together  of  parts,  thick. 
DESIGN  —  Plan  or  purpose. 

DETERIORATION  —  The   lofes  of  strength,    form  or  usefulness;   to  grow  Worse   la  quality. 

DIAMETER  —  A  straight  line  through  the  center  of  a  circle. 

DIAPrtRAGM  —  Thin  membrane  divider  or  partition. 

DiFFEKh'NTlAL  —  The  difference  betWeeni  two  points. 

DIFFUSGRS  —  Device  used  to  regulate  velocity. 

DIFFUSING  —  The  act  of  regulating  the  velocity  of. 

DILUTES  —  Reducing  the  strength  of. 

DISASSEMBLING  —  Taking  apart. 

DISSIPATE  —  To  cause  to  spread  out  or  spread  thin  to  the  point  of  vanishing. 

DISTILLATE  —  Light  grade  oils  produced  by  distillation. 

DISTINCTIVE  —  Having  or  giving  style. 

DISTRIBUTION  —  Giving  out  or  supplying  portions  of. 

DOMESTIC  —  Relating  to  the  home  or  family. 

DOWNDRAFT  —  Supply  of  air  received  down  through  a  chimney. 

DRAFT  —  A  supply  of  air  for  combustion,   a  current  of  air  in  a  closed-ln  space. 
EFFICIENCY  —  Measurement  of  operation  or  ability. 
ENERGIZE  —  Give  energy  to. 
EQUALIZE  —  To  make  equal. 
EQUILIBRIUM  —  Balance. 

FQUIPMENT  —  Implements  used  in  an  operation  or  activity. 

ESSENTIAL  —  Necessary. 

EXCESSIVE  —  Going  beyond  a  limit. 

EXCHANGER  —  Device  used  to  change  heating  mediums. 
EXHAUST  —  Already  used  once,   to  discharge,   to  draw  off. 
EXPANSION  —  Increase  in  size  or  volume. 
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KXTINGUISUKI)  —  Put  out  or  killed. 

FAIIRKNHKIT  —  A   tlio rmomo t r Ic  scale  on  which   the  boiling  point   Is  212*   and   freezing  is 

FKKRULE  —  Ring  or  metal   put  around  a  slender  tube  or  shaft   to  strengthen  it  or  prevent 
It   from  splitting. 

FlXi:i)  CARBON  —  Nonvolatile  carbon  In  coal  and  oil. 

Fl.AUi:n  —  A  spreading  outward. 

FLKXIBLK         Bentiablo  or  pliable. 

FLUCTUATION  —  Changing   from  a  norm. 

FLUK         An  enclosed  passageway   for  conveying  combustion  gases  to  the  outer  air. 
FLUK  GAS         Combustion  gas. 

FURNACM  —  Whore   initial   combustion  and  burning  of   fuel   takos  place. 

OAUGK  —  Instrument  with  a  graduated  scale   for  measuring  or  Indicating  quantity. 

GRAVITY  —  Force   tliat  draws  objects  toward   the  center  of   the  earth. 

GROUNDING  —  The  act  of   or  an  object  that  makes  an  electrical   connection  with  the  ea  th. 
IIKAhKH  -~  Pipe  or  tube  shared  by  two  or  more  objects  or  devices. 
UOPi^EU  -~  Usually   funnel-shaped   receptacle  for  delivering  coal. 
HORIZONTAL  —  Parallel   to  the  horizon. 
^^HUMIUIFICATION  —  Act  or  process  of  using  a  humidifier. 
HUMIDIFIKR  —  Device  used  to  increase  the  humidity. 
HUMiniSTAT  —  Device  used  to  sense  humidity. 
HUMIDITY  —  MolHture   In   the  air. 
IGNITION  —  Act  of   s<*ttlng  on  fire. 

IMPURITIKS  —  Something  not  pure  or  makes  something  else  not  pure. 
INDUSTRIAL  —  Relating   to  Industry. 

INKHT         Having  no  Inherent  power  of  action,   motion  or  resistance • 
INFILTRATION  —  To  pass   into  or  through  by   filtering  or  permeating. 
INOPERATIVE  —  Not  functioning. 
INSKRTION  —  Act  or  process  of  Inserting. 
INSULATE  —  Protect  or  cover. 

INTKNSITV  —  The  magnitude  of  force  or  energy. 
INTKRMITTi:nT  —  coming  and  going  at  Intervals. 

LATKNT  HEAT  —  Heat   that  cannot  be  measured  with  or  by  a  thermometer. 
LIBERATES  —  Sets  free. 

LIGNITE  —  A  brownish  black,  woody  structured  coal. 
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LPG  —  Liquefied  petroleum  gases. 
LONGITUDINAL  —  Placed  or  runnlni;  lengthwise. 

LOUVER         An  opening  provided  with  slanted,    fixed  or  movable   ftns   to  allow   flow  of  air 

LUBRICATE        To  make  slippery,   iisually  with  grease  or  oil. 

MANIFOLD  —  Header. 

MANUAL  —  Operated  by  hand - 

MECHANICAL  —  Operated  by  a  machine. 

MECHANISM  —  Mechanical  operation  or  action. 

MEDIUM        A  means  of  effecting  or  conveying  something. 

MOISTURE  —  Wetness. 

NON-RECESSED  —  Not  set  Into. 

NOZZLE  —  A  projecting  spout,    terminal   discharging  pipe. 
OBSTRUCTION  —  Blockage. 
ORIFICE         Hole  or  opening. 

OXYGEN  —  A  gas  without  color,   taste  or  odor,   and  Is  a  chemical  element  (0). 

PAR'riCLE  —  One  of  the  minute  subdivisions  of  matter. 

PASSAGE  —  Channel,   course,   tunnel  or  corridor. 

PERIMETER  —  The  boundary  of  a  closed  plane  figure. 

PERIODIC  —  Fixed  Interval  between  set  times. 

PERTINENT  —  Relevant  or  applicable. 

PILOTSTAT  —  Control  on  the  fuel   line  of  a  pilot. 

PIPETTES  —  A  narrow  glass  tube  Into  which  the   liquid   Is  drawn  by  suction. 

PLENUM  —  An  enclosed  space  In  which  the  air  pressure  Is  greater  than  the  outside 
atmosphere . 

POLLUTION  —  Impure  or  unclean. 

PORCELAIN  —  Ceramic  that   is  hard,   translucent  and  white. 
PRECIPITATOR  —  Device  used  to  cause  to  separate  or  condense. 
PREDETERMINED  —  Decided  or  chosen  beforehand. 
PRELIMINARY  —  Something  that  precedes. 

PRESSURE/PRESSURING  —  Force  exerted  over  a  surface  divided  by  Its  area. 
PROPELLER  —  A  device  that  drives  or  forces  forward  or  onward . 
PROPORTIONAL  —  Having  the  same  or  constant  ratio* 
PULVERIZED  —  Reduced  to  very  small  particles* 
PURGE  —  Clean  out. 
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QUANTITY  —  Amount   (how  many). 

RADIANT  —  Kmltt(?d  or  transmitted  by  radiation. 
Radiation  —  Energy  radiated  in  waves  or  particles. 

RADIATOIl  —  Noxt  of  pipes  or  tubes  used  to  lieat  by  radiation. 
UK  ASS  KM  MM-:  —  V>ut  buck  toKothor. 

RK(n'AN(iUI.AIl  —  Having:  or  rosi>mbllng   the  shape  of  a  rcctanKlo. 
UKl'KHKNCK  —  Consultation  of   sources  or  Information. 
RKFRACTOIIY  —  Heat  resisting  nonmetallic  ceramic  material. 
RFGULATK         To  control  something. 


Rr:Gm.ATOR         Device  which  regulates. 
RKSPONSI::  -~  Replay  or  reaction. 
HKSTKtCT  -~  To  limit. 

IIKTIIHN         To  brin^r   sond  or  come  back   to  the  starting   point  or  place. 
ROTATION  —  The  turning  of  a  body  on  an  axis. 
.SATURATION  —  Moisturizing  to  the  maximum  limit. 
S KM I  BITUMINOUS  —  A  type  of  coal. 

SKNSIBLK  HEAT  —  Heat  tliat  can  be  felt  or  sensed. 

SHUTOFF  —  Something  that  stops  the  flow  of  gas,   water  or  oil 

SLAGGING         The  flowing  together  of  coal  impurities. 

SMOKK  PIPF  —  The  vent  pipe  used  to  remove  smoke  and  gases  from  the  firebox  of  a  furnace 
or  bo  i I  or . 

SOLKNOID  —  An  electromagnetic  val\e  or  switch. 

SOOT  —  Black  substance  formed  by  combustion  or  separated  from  fuel  during  combustion. 

SPONTANEOUS  —  Without  external  stimulus. 

STARIhlZKR  —  Substance  that  prevents  chemical  change. 

STATIC  ELECTRIC  I  TV  —  Electricity  produced  by  atmospheric  conditions  or  various  natural 
or  man-made  electrical  disturbances. 

STATIONARY  —  Fixed,   not  moving. 

STOKER  —  A  machine  for  feeding  a  Jire. 

STKAINKU  —  Device  used  to  remove  impurities  from  water  and  steam  lines. 
STKATIFICATION  —  Act  or  process  of  stratifying. 
SUPPLY  —  To  provide  for. 

SYNTHETIC   INTOXICATION  —  Artificial  Intoxication. 

oYSTKM  —  An  assc?mblage  or  combination  of  things  or  parts  forming  a  complex  or  unitary 
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TEMPERATURE  —  A  measaromont  of  heat   In  degrees  Fahrenholt  or  Celsius, 
TENSION  —  Condition  or  degree  of  being  stretched   to  stiffness, 

THERMOCOUPLE  —  Thermoelectric  couple  used   to  measure   temperature  dlffe-encos. 

THERMOPILE  —  Multi-thermoelectric  couples* 

TRAt^SFER         Move  something   from  ono  place   to  another. 

TROUBLESHOOTING  —  Looking,    In  a  logical   sequence,    for  a  problem, 

TURBULENT  —  Causing  unrest,   violence  or  disturbance, 

TUYERES  —  Nozi:^:les  through  which  an  air  blast  is  delivered. 

VAPORIZATION         Act,    process  or  state  of  being  vaporized, 

VAPORIZING  —  To  eonvert,   by  heating  or  spraying.    Into  a   fine  mist  or  vapor. 

VELOCITY  —  Quickness  of  motion, 

VELOMETKR  —  E>evice  used   to  measure  velocity, 

VENTURI  ^-  Funneled  tube  used  to  measure  flow, 

VISCOSIMETER         Device  used   to  measure  viscosity, 

VOLUME  —  Space  occupied,  measured   in  cubic  units. 

VOLUMETRIC  —  Relating  to  the  measurement  of  volume, 

WATER  —  a  liquid  that  is  colorloss,  odorless,  poor  condactor  of  elei- tr  I  c  i  ty ,   f  roe?:os  at  0°C  ;it\»l 
bolls  at  100**C. 
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((UvM    i:nv.  I  ruM>  r  i  nr.  Training;) 
»Sht»ppar(l  Air  Korc<»  Hascj,  Texas 


HOT  WATKK  liKATING  AND  CONTHOhS 


()HJKCT!Vi:S 


Usiru^   in  forma  I.  i  oil  j^ivtm,   oxpluin  t\\c  principles  of  operation  of  low/medium 
tiMnpora ttjr(>  hot  water  holU^rR  by  correctly  answering  20  out  of  25  questions. 

(livtMi  prootMiin^s  and  trainer,  install,  operatr^,  and  maintain  a  oentrifuKAl  pump  with 
no  inori»  than   two   ins  true  tor  assists. 

TNTI{()niICT[ON 

Hot  wat(»r  systems  are  systems   in  which  water  is  heated  at  a  central  source,  clrcu- 
latf^d  throut^h  a  system  of  pipes,  and  sent  through  units  that  transfer  the  generated  heat 
to  the  surround! nj;  air.     These  systems  are  considered  very  useful  carriers  of  heat* 
ICaeh  system  is  classified  according  to  their  operating  temperature  such  as  low,  medium 
and  hit^h   tc?mpe ra tn re .     The  water  temperatuie  for  low~tc?mperature  hot  water  heating 
systems  ranges  from  100  to  220  degrees,   for  medium  temperature  220-300  degrees  and  for 
high   temppratnrt»  watffr  350-100  de^'.rees. 

Mecauso  of  th«?  higher  temperatures  Involved  with  high   temperature  water  it  must  be 
taught  separately  form  low  and  medium  temperature  systems.     Therefore,  high  temperature 
w:it«*r  will  \u*  dis<*usscyd   in  another  block. 


how  t(»mperature  water  systems  utilize  low-temperature  water  as  the  heat  source. 
Hfx.ause  of  its  relatively  low  energy  level,   low  temperature  water  is  usually  applied 
direct  vhcn  used   for  space  heating. 

nomestic  hot  water  systems  arc?  classified  as  direct  or  indirect.     In  direct  systems, 
water  is  heated  by  hot  combustion  gases  from  a  burning  fuel  applied  directly  to  the 
heating  surfaces,  or  by  electric  heating  elements*     In  direct  systems,  sometimes  called 
secondary  systems,   the  water  is  heated  by  steam  or  hot  water  applied  to  the  heater  sur- 
faces,  see  Figure  1-1.      Indirect  systems  are,    for  the  most  part,   limited  to  Individual 
buildings  and  hom(»s;  direct  systems  are  suitable  for  any  size  installation  or  quantity 
rcrquirement . 

Natural   Circulation  System 

Natural  circnilation  systems  are  similar  In  principle  to  gravity  warm  air  dlstrl- 
hiitlon  syst<^ms.     A  fire  in  the  boiler  heats  the  water.     The  hot  water,   like  hot  air, 
rls(>s  to  the  top  of  the  boil(>r  and  flows  up   into  a  supply  main  (large  pipes)  that  slopes 
\ipward  gradually  around  the  basement  perimeter.     Smaller  pipes  extend  upward  vertically 
from  the  supply  main  to  one  ond  of  each  radiator,   to  let  the  hot  water  flow  up  into 
th'^m.      At  tht^  opposite  end  of  each  radiator,   another  pipe   (connected  at  a  low  point) 
carric»s  the  (!ool«Mi  water  down   to  the  return  main   (a  large?  pipe  that  slopes  downward 
:»rount1   the*  hnsfmiMit  pf?rtmot<»r  an<i  ev(»ntual  ly   leads   Intt)  tlur  hottom  of  tbo  bolltjr)* 
Thus,   wat        lH»at<M!    in   thf>  hoilf^r   floats  up   int(>   th(>   racilatoi'S  an(i  boats   t)u»   rooms.  And, 
as   it  lioats   Iho  rooms,    it  cools  off  and  becomes  heavi(^r — Just   like  th<»  air  In  a 
gravity  )u)t-air  system,    flowing  down  the  return  pipes  and  back  into  the  boiler  to  start 
all  ov«yr  again. 

Velocity  or  flow  througii  the  piping  is  low.     Therefore,   the  pipe  size  must  be 
r<»latively   large  to  prevent  the  friction  loss. 
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Figure  1-1.     Indirect  Oomestic  Water  Heating 

Forced  Circulation  System 

The   forced  hot-water  system  is  similar   to  the  gravity  system;   th<*  main  d  1  f f or(*nn(*  is 
Ln  the  method  of  circulation.     The  supply  main  is  connected  to  the  top  nf   t>io  hoi  lor  uwd 
the  return  main   to   the  bottom,   as  usual,   but  the  water   is  sent  throiiKh   the  syst<»m  hy  n 
centrifugal  pump. 

CENTRIFUGAL  PUMPS 

In  this  type  of  pump,   a  rotating  impeller  or  runner  gives  velocity  to  the  fluid,  and 
centrifugal  force  pushes  it  from  the  impeller.     See  Figure  1-2.     Those  pumps  are  com- 
pact, discharge  at  a  uniform  rate  of  flow  and  pressure,  contain  no  valves  or  pistons, 
and  can  handle  a  variety  of  fluids  according  to  their  design.     The  number  of  impellers 
determines  whether  a  centrifugal  pump  is  of  single-stage,   two-stage  or  multi-stage 
design.     A  single-stage  purap  has  only  one  impeller.     A  two-stage  pump  has  two,   the  first 
discharges  into  the  suction  of  the  second.     Multi-stage  pumps  have  threi  or  more  impel- 
lers and  are  ued  in  high  pressure  operation.     There  are  two  types  of   impellers,  an  open 
face  impeller  and  a  closed  face  impeller.     These  impellers  are  either  single-  or 
double-suction.     In  the  double-suction  type,  water  enters  the  eye  of  the  impeller  from 
both  sides.     See  Figure  1-3. 
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The  main  parts  are. a  rotating  clement 
called  the  Impellor  (see  Figure  1-4)  or 
rtinner,   the  casing,   the  shaft,  and  the 
bearings  that  support  the  shaft*  The 
impeller  admits  the  water  through  the 
center  (eye)  and  discharges  it  through 
the  outer  rim.     The  casing  contains  the 
inlet  and  outlet  passages  fo:  the  water. 
It  guides  the  water  from  the  inlot 
connection  into  the  impeller  and  away 
from  the  impeller  to  the  discharge 
connection.     The  shaft  supports  and 
drives  the  impeller  and  is,   in  turn, 
supported  by  the  bearings*     In  addition 
to  the  essential  parts  that  we  have 
mentioned,  shaft  sleeves,   stuffing  boxes 
and  wearing  rings  are  also  usually  used 
in  centrifugal  pumps. 

Figure   1-4*  Impeller 

Maintenance  of  Centrifugal  Pumps 

Never  run  a  centrigual  pump  dry,  because  liquid  is  necessary  to  lubricate  the 
internal  surfaces.     Never  throttle  the  pump  suction  to  regulate  the  flow  of  water, 
because  cavitation  will  result*     Oo  not  permit  the  pump  to  stand   Idle  for  long  periods 
of  time.     It  should  be  operated  at  least  once  a  week*     The  following  paragraphs  discuss 
preventive  maintenance  inspection  and  pump  maintenance  requirements  pertinent  to 
centrifugal  pumps • 

DAILY  INSPECTION.     Each  day,  you  should  inspect  the  centrifugal  pump  for  abnormal 
noise  and  vibration;  abnormal  pressure  and  flow  conditions;  excessive  or  inadequate 
packing  leakage  (water-cooled  bearing);  hot  bearings;  and  hot  stuffing  box. 

SEMIANNUAL  INSPECTION.     Every  six  months,   you  should  check  alignment  of  the  pump  and 
driver  with  the  unit  at  a  standstill  amt  normal  operating  temperature;  check  shaft 
sleeves  for  scoring;   replace  packing  by  cutting  the  packing  diagonally  and  stagger 
pieces  installed  around  the  shaft,   if  required;  drain  the  oil  from  oil-lubricated 
bearings,   flush  and  refill  With  clean  oil;  and  check  grease-lubricated  bearings.     Do  not 
over  grease  the  bearings.     When  adding  greaiee,   remove  the  drain  plug  or  use  a  safety 
fitting  to  prevent  over  greasing* 

ANNUAL  INSPECTION.     On  a  yearly  basis,   the  pump  is  dismantled,   a  complete  Inspection 
is  performed,  and  the  following  requirements  are  satisfied.     Check  the  wearing  ring 
clearances  according  to  the  manufacturer's  instructions;  diametrical  clearance  between 
0.005  and  0.025  inch  is  usual*     Examine  bearings  for  wear,   check  clearances  according  to 
manufacturer's  instructions,   and  overhaul,   if  necessary*     Check  shaft  for  scoring, 
corrosion,  or  wear  at  the  seals,  and  also  for  proper  alignment.     Check  impellers  for 
corrosion,  erosion  or  excessive  wear.     Check  and  calibrate  pressure  gauges,  thermometers 
and  flow  meters.     Inspect  suction  and  discharge  strainers. 

Repair  and  replace  defective  parts  found  during  the  annual  inspection.  Replace 
wearing  rings  when  clearances  are  twice  the  original,  or  if  the  leakage  appreciably 
reduces  the  capcity  and  head  of  the  unit.     Replace  worn  shaft  sleeves  or  rebuild  them. 

Install  centrifugal  pumps  according  to  manufacturer's  instructions* 


TYPES  OF  BOILERS 

The  boiler  is  where  the  water  Is  heated.     The  boiler  is  the  same  type  as  that  used 
for  low-pressure  steam  generation*     Low  temperature  hot  water  boilers  may  be  classified 
accot*ding  to  the  fuel  used   (coal,  oil,  gas),   the  application  (what  it  Is  used  for),  the 
design  (fire-tube,  water-tube),  and  the  material  (cast  iron  or  steel).     For  simplicity, 
we  will  classify  them  as  to  the  material  used;     cast  iron  or  steel. 
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Cast-iron  boilers  are  shipped  In  sections  and  assembled  at  the  Installation  site. 
Small  boilers,   however,   are  factory-assembled  and  shipped  as  a  unit.     Each  section  Is 
actually  an  Individual  boiler  connected  to  supply  and  return  headers.     The  supply  header 
Is  located  at  the  top,  center  and  the  return  header,    laterally,   near  the  foundation,  of 
tho  bolli^r.     Heated  water  rises  through  the  vertical  sections  from  the  return  headers. 

Cast-iron  heating  boilers  may  be  designed  for  operating  pressures  not  exceeding  160 
pslg,  or  temperatures  not  exceeding  250*F.     Normally,   they  are  designed  for  30  pslg 
working  pressure.     See  Figure  1-5. 


Figure  1-5.     A  Square  Sectional  Cast-Iron  Boiler 

Steel  heating  boilers  may  be  of   the  fire-tube  type  In  which  the  combustion  gases 
pass  through  the  tubes,  while  water  surrounds  them;  or  the  water-tube  In  which  the  water 
pashios  through  the  tubes,   while  tho  gases  circulate  around  them. 

The  ASME  code  for  low-pressure  heating  boilers  limits  the  maximum  allowable  working 
pressure  to  160  pslg  for  steel  heading  boilers.     Normally,    they  are  designed   for  30  pslg 
working  pressuro.     Most  steel  hot  water  boilers  are  const rut^^od  In  two  sections.  One 
section  consists  of   tho  water  Jackcsts,   combustion  chamber,   u.nd  smoke  passages.  Those 
Components  are  either  welded  or  riveted   togethf^r  as  a  unit.     The  other  section  consists 
of  the  base  and  either  the  grates  or  burner,  vad   Is  constructed  according  to  the  type  of 
fuel  used.     Another  steel  boiler  Is  a  horizontal  unit  of   the  portable-type  having  an 
Internal   firebox  surrounded  by  watur  lanes.     It  rests  either  on  a  cast-iron  or  a  brick 
base.     The  front  part  of  the  boiler  rests  on  a  pedestal. 

BOILER  ACCESSORIES 

All  boilers  have  certain  accessories  for  safety  and  ease  of  operation.     The  various 
accessories  used  Include  the  following: 

Pressure  Relief  Valve 

Every  hot  water  boiler  must  have  a  relief  valve  with  a  capacity  adequate  for  the 

gross  output  of  the  bol ler .     The  vji  1 ve ,  which  Is  connected  to  the  top  of   the  bol ler ,  Is 

necessary  to  prevent  the  operation  pressure  from  exceeding  the  maximum  permissible 
leve 1 . 

Thermometer 

A  Thermometer  must  be  placed  In  the  upper  part  of  the  boiler  to  Indicate  the  water 
temperature . 
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Pressure  Gauges 


These  are  connected   to  the  top  of   the  boiler  and   Indicates  the  water  pressure   in  the 
boiler  and  system  in  pounds  per  square  inch.     This  gauge  must  have  a   pressure  capacity 
at  least  twice   the  maximum  operating  boiler  pressure  or   permissible  altitude,   to  indi- 
cate the  operating  pressure. 

Tr  icnrator 


This  Kaiigo  combines  a  pressure  ^aupe,   water  temperature*   j;auge  and  an  altitude 
Slotting.     The  purpose  of   this  ^ause   is   to  show   the   level   of  water  proper  for  an  actually 
present  in  the  system.     This  gauge  has  three  needles,   one  red  and   two  black.     One  of  the 
black  needles  is  used   for  the  tf^mperature  gauge.     The  other  black  needle  is  used   for  the 
water  level   that  is  required   for  the  highest  heat  consumer  in   the  building.     The  red 
needle  indicates  the  actual   level  of  water  in  the  system  and  varies  with  changes  in 
water  content.     When  the  red  needle  is  over  the  black  one,    the  system  is  properly 
filled.      In  pressure  systems,   the  amount  of  water  is  automatically  controlled  by  a 
pressure  reducing  valve.     By  reading  the  tridicator,   you  can  tell  whether  the  valve  is 
operating  correctly. 


Aquastats 

Limit  controls  for  hot  water  instal- 
lations are  commonly  called  aquastats. 
The  function  of  an  aquastat   is  to  reduce 
operating  cost  by  eliminating  unnecessary 
firing.     Aquastats  may  be  of  the  mercury 
type,   such  as  illustrated  in  Figure  1-6 
or  contain  a  bimetal  element.     Most  aqua- 
stats are  of  the  immersion  type.  This 
type  has  its  sensing  element   inserted  in 
an  immersed  copper  well.     The  sensing 
element  in  the  immersion  well  may  be  a 
metallic  spring  or  a  liquid  filled  bulb. 
At  the  temperature  setting  of  the  instru- 
ment,   the  rotation  of  the  spring  or 
expansion  of   the   liquid,   will   rotate  the 
mercury  switch  and  open  or  close  the 
circuit  according  to  the  type  of  service 
the  switch  is  to  perform.     Since  a 
mercury  switch  is  used,   the  instrument 
must  be  installed  and  maintained  in  a 
level  position  or  it  will  not  operate 
properly.     The  temperature  at  which  the 
switch  will  operate  is  set  on  the  temper- 
ature scale  with  the  temperature  setting 
screw.     Figures  1-7  and  are  typical 

locations  of  the  immersion  type  aquastats 
for  hot-water  systems. 


Figure  1-0. 
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A  Typical  I mme  r s 1 on 
Type  Aquastat 


The  immersion  aquastat  can  be  removed   from  its  copper  well   for  repair  or  replacement 
without  shutting  down  and  draining  the  system. 


Outlet  Connection 


The  outlet  connection  should  be  as   large  as  the  manufacturer's  tapping.  Some 

installations  use  a  dip  tube  to  keep  air  out  of  the  supply  main.     The  dip  tube,  an 

extension  of  the  outlet  pipe,   projects  into  the  boiler  and  causes  a  dead  space  at  the 

highest  part  (where  the  temperature  is  higher).  The  air  that  separates  from  the  boiler 
water  into  the  dead  space  flows  through  proper  connections   ito  the  expansion  tank.  If 

the  expansion  tank  is  not  directly  connected  to  the  boiler,    release  the  air  through  an 
automatic  air  vent. 
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Fij?uro  1-7. 


Figure  1-8. 


I nsta nation  Diagram  of  an  Immersion-Type  Aquas tat 
in  a  Hot-Water  Boiler 

SUPPLY 
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THERMOSTAT 
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VALVE  OR  RELAY 


BOILER 


CHE- 170 

Installation  Diagram  of  an  Immersion-Type  Aquastat 
in  a  Vertical  Rissr  of  a  Hot-Water  Boiler 


Inl<?t  Connection 

Properly   used,  ret 
at  H  hlRh  velocity,  it 
rause  sludge  or  sodime 
velocity,   use  a  return 
has  two  return  connect 
used,  connect  their  di 
boiler  connection;  be 
(between  the  pump  and 
circuit.     Return  heade 
and  rodding,   and  must 
boiler  return  connecti 

Flow  Control  Valve 


urn  connections  prevent   thermal  shock.     If  water  tenters  the  boiler 

disturbs  the  thermal  circulation  of  the  boiler  water  and  may 
nt  to  pile  up  in  the  mud  ring.     To  keep  entering  water  at  a  low 

header  connection  the  same  size  as  the  boiler  inlet.     If  a  boiler 
ions,   use  both.     When  more  than  one  circulation  pump  is  to  be 
scharges  to  a  common  pump  discharge  header  before  making  the 
sure  that  each  pump  has  a  check  valve  on  its  discharge  side 
common  discharge  header)  to  prevent  bfickflow  through  the  pump 
r  connections  must  be  readl ly  accessible  for  cleaning ,  draining 
have  plugged  openings.     Use  plugged  tees  instead  of  elbows  at 
ons  to  assure  ample  cleanout  facilities. 


This  is  a  special  valve  used  on  a 
forced  circulation  system  to  prevent  the 
gravitational   flow  of  water  through  the 
system  when  the  circulating  pump  is  shut 
off.     Figure  1-9.      It  is  located  on  the 
supply  main  Just  above  the  boiler.  This 
valve  operates  under  the  same  principle 
as  the  check  valve,   only   it  prevents 
gravitational   flow  of  the  water  instead 
of  reverse  flow. 


OUTLET 


OPERATING 
HANDLE 


VALVE  DISC 
VALVE  SEAT 


INLET 


Figure  1-9.     One  Type  of  Plow-Control 
Valve 
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Blow-off  Connections 


A  blow-off  or  drain  connoctlon  is  placed  near  the  hot  watijr  boilor  mo  tliat  thr 
entire  system  can  be  drained  through  the  drain  valve. 

Water  Supply  Connections 

Hot  water  boilers  must  have  a  water  service  connection  In  the  return  main,   near  the 
boiler,   through  which  the  boiler  may  be  filled  from  startup  and  to  be  able  to  add  makeup 
water  from  water  that  is  lost  throughout  the  system. 

Chimney  and  Breechings 

Since  a  boiler  usually  burns  a  fuel  it,   therefore,   produces  exhaust  gases  that  must 
be  removed  from  the  boiler.     This  is  the  purpose  of  a  chimney  and  breeching. 

When  a  boiler  produces  exhaust  gases  they   leave  the  boiler  and  enter  a  st<?el  chambc^r 
called  a  breeching.     The  broeching  is  designed  and  sized  to  direct  the   flow  of  hot  «asos 
to  the*  chimney  or  stack  whero  those  gases  are  directed  to  the  outside  utmosphn?.  The? 
size  of  the  stack  is  dependent  upon  whether  you  have  a  natural  draft  system  or  have 
blowers  that  push  and  pull  th&  gases  out. 

Expansion  Tanks 

*lvery  hot  water  heating  system  should  have  an  expansion  vessel  installed  to  handle 
the  expansion  and  contraction  of  water  which  occurs  as  its  temperature  changes. 

OPEN-TANK  SYSTEM.     In  open-tank  systems,   the  expansion  tank  Is  freely  vented  to  the 
atmosphere.     Normally,   these  systems  are  limited  to  installations  with  operating 
temperatures  of  180*F  or  less.     Operation  at  higher  temperatures,  which  would  be  near 
the  boiling  point  of  water,  at  atmospheric  pressure  (212'F),  could  be  troublesome.  Open 
tanks  are  usually  installed  at  least  three  feet  above  the  highest  heat  transmitter.  The 
tank  and  connecting  piping  should  be  protected  against  freezing. 

CLOSED-TANK  SYSTEM.     This  system  uses  an  air-  tight  tank,   sealed  to  prevent  free 
venting  to  the  atmosphere.     Therefore,  heating  systems  using  It  can  bi?  prossurly.cd  ami 
operated  over  a  wide  range  of  temperatures  and  pressures.     Thus,  when  tlio  saturation 
pressure  is  raised  to  correspond   to  the  desired  temperature,   the  system  can  be  operated 
above  212*F.     In  operation,  as  heated  water  expands,   the  excess  water  moves  into  the 
tank  and  compresses  the  entrapped  air,   thereby  increasing  the  pressure  on  the  system. 
When  the  water  temperature  lowers,   the  water  contracts,  air  in  the  tank  expands,  the 
excess  water  returns  to  the  system,  and  the  pressure  drops.     A  closed  expansion  tank 
mus"^;  be  large  enough  to  keep  a  reservoir  of  compressed  air  above  the  water  level  to 
cushion  the  excess  water  that  enters.     Thus,   the  tank  must  provide  space  for  changes  in 
both  water  and  air  volume.     If  the  tank  is  too  small  or  contains  insufficient  air,  these 
undesirable  conditions  can  occur: 


As  temperature  increases,   the  water  will  expand  and  the  system  pressure  may 
increase  above  the  permissible  level.     This  will  cause  the  relief  valve  to  opon 
and  waste  water. 

As  temperature  drops,  the  water  contracts  and  the  pressure  may  drop  below  the 
permissible  minimum.     Air  will  not  vent  from  the  pystera  and  additional  air  may  bo 
drawn  In,   if  the  high  points  of  the  system  hnvi^.  "automatic  air  vent  valves. 


The  location  of  closed  tanks  depends  on  the  type,   size  and  design  of  the  installa^ 
tlon.     Regardless  of  location,   the  point  of  Junction  between  tank  and  system  is  under 
constant  pressure,  even  when  the  pump  is  not  operating.     Designers  consider  this  fact 
when  setting  up  piping  arrangements.     When  possible,  connect  the  expansion  tank  by  a 
direct  pipe  to  the  highest  point  of  the  boiler.     This  arrangement  lets  air  pass  easily 
to  the  tank. 

In  closed  tanks,   a  water  gauge  glass,   air  inlet  valve  (airtrol  valve),  water  Inlet, 
drain  and  relief  valves  permit  the  operator  to  observe  and  adjust  the  proportion  of  air 
in  the  tank.     In  open  tanks  overflow  and  vent  pipes  are  used  instead  of  relief  and  air 
inlet  valves. 
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»STZK  OK  KXPANSION  TANKS.  The  expansion  tank  should  bo  large  onoiii;h  to  permit  thu 
wator  volmn(»  t.o  chanKC^  witlitnit  (^aURlnK  undue  strains  ou  th<;  <miu  Iprnont .  When  wator  Is 
heal(Kl  from  lO*!**  tt>  200*F,  its  volume  expands  approximately  4  perctjnt;  this  exparitiion 
tank  must  bc»  largo  enough  to  hold  1  gallon  of  water  for  every  2^  gallons  that  will  be 
h(»a  t(?d  . 

Prtrssuro  Heg'ilator  Valve 

A  pressure-regulator  valve  is  usually  installed  in  the  makeup  or  cold  water  line  to 
thn  boiler.     This  valve  automatically  keeps  the  closed  system  supplied  with  wator  at  a 
predetermined  safo  pressure.     The  maximum  permissible  pressure   for  a  standard  hot  water 
heating  sy.st<?m  is  30  psi ;   therefore,   the  regulator  valve  setting  should  be  as  low  as 
f)()SRiblo.     Valves  are  usually  factory   set  a  12  psi   pressure;    this  equals  a  static  head 
of   276  foet  of  water   (suitable  for  buildings  with  1,    2  or  3  stories).     However,   if  the 
static  head  of  tlie  system  is  high,  boilers  with  higher  operating  pressure  may  be 
ro(iuiri*d,   and  the  regulator  valve  is  set  correspondingly  higher.     Maintain  pressure 
regulator  valve  presvsure  adjusting  screw  by  turning  the  pressure  adjusting  screw 
clockwise^  to  incri>ase  tlie  pressure.     Turn  it  counterclockwise  to  decrease  the  pressure. 
The  purpose)  of   the  strainer  is  to  remove  impurities  form  the  supply  line.     The  strainer 
should  be  removed  and  cleaned  once  each  year  (annually). 


PROCEDURES  FOR  REMOVING  THE  BOILER  AND  SYSTEUS   FROM  SERVICE 

Shutting  Down 

If   the  complete  system  is  to  be  removed   from  service,    proceed  as  follows: 
 titop   the  firing  equipment. 

  Shut  off  draft  dampers  to  permit  the  boilers  to  cool  gradually. 

  Maintain  waiter  circulation  through  the  boiler  until    inlet  and  outlet  water 

t(^mp<^ rat u ri>s  are  cm) ua  1  i  v'.ed  • 

  Stop  water  circulators  when  the  water  in  the  unit  has  cooled;   then  close 

boiler  inli*t  and  outlet  water  valves. 

Spjice  Heating  Eciulpment 

To  removo  an  Individual   radiator,  convector,  etc.,    from  service  in  one-  or  two-pipe 
systems,  be  sure  to  stop  water  circulation  through  the  unit  by  using  the  proper  valve. 
If   there  is  danger  of   freezing,  drain  the  unit.     However,   in  series-loop  systems,  do  not 
rnterrrupt  the  water  flow  through  a  single  unit,   since   that  would  stop  circulation 
t^irough  the  entire  circuit.     Use  the  damper  in  unit  enclosure  to  prevent  convection  of 
air  through  the  entire  circuit. 

Druining  Boiler 

l\\  order   to  drain  boiler,    proceed  as  follows: 

  M:iko  siiri>   power   to  boiler   is  off  and  tagged. 

  Open  drain  valve  on  expansion  tank. 

  Open  drain  valve  on  boiler. 

Flushing  Boiler 

After  water  drains  from  boiler,   proceed  as  follows: 

  Open  raw  water  bypass. 

  Flush   fresh  water  thri;  boiler  until  water  runs  clean. 

  When  "vater  runs  clean  close  off  bypass. 
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Fll  ling  the  System. 

Proceed  as  follows; 
  Close  all  vents, 

  Open  boiler  supply  main  valve  and  return  header  valv(js. 

  Open  inlet  and  outlet  valves  of  circulators. 

  Open  all  valves  to  radiation. 

  Open  manual  feed  valve  and  feedwater  until  expansion  tank  Is  approxiamtoly 

one-half  full. 

  Start  the  circulators  and  establish  a  definite  water  circulation  In  tho 

system.     Check  operation  of  circulators  for  noise,  vibration,  abnormal 
temperature ,  etc . 

  Begin  venting  the  lowest  radiators  or  space  heating  equipment;  open  vent 

valves  (if  manually  operated)  until  all  air  is  removed  and  free  water  starts  to 
flow. 

  Vent  the  rest  of  the  units  progressively;  if  necessary,   add  water  to  the 

system  to  complete  venting  of  all  units  as  routine  progresses. 

  Drain  and  refill  the  system  several  tlmeo  to  remove  all  grease,  core  sand, 

and  other  foreign  material,   before  starting  the  fire  for  Initial  operation. 

Preoperational  Inspection 

Before  starting  the  system,   perform  a  preliminary  Inspection.      Inspect  the  Instal- 
lation carefully  and  make  sure  that  the  following  requirements  are  fulfilled. 

BOILER  UNIT 

  All  Installation,   repair  and  cleanup  work  completed. 

  All  air  and  gas  ducts  and  passages  tight  and  free  from  obstructions;  gas  and 

air  control  dampers  in  good  operating  condition . 

  All  piping  tested  for  leaks,  and  insulated  If  necessary. 

  Slowdown  lines  properly  installed  and  fastened,  and  drain  valves  closed; 

supply  and  return  header-valves  In  good  operating  condition. 

  Water  gauge  glasses  In  expansion  tank  properly  Installed,  with  valves  open, 

gauge  glasses  clearly  visible  from  the  operating  floor,  and  lamps.   If  pr(?sc>nt, 
ready  for  operation . 

  All  required  auxiliary  equipment  (such  as  fuel-burning,  draft,   feedwator  and 

combustion-control  systems)  properly  instal led  and  ready  to  operate ;  pumps 
lubricated  and  rotation  tested. 

  All  meters,   instruments  and  gauges  properly  installed  and  ready  for 

operation;  pressure  relief  valves  and  limit  controls  properly  set  and  in  good 
operating  condi tions. 

  All  access  and  observation  doors  closed. 

SPACE  HEATING  EQUIPMENT.     All  Installation,   repair  and  cleanup  work  on  radiators, 
convectors,  pipe  coils,   baseboard  units,  etc.,  completed;  all  units  roady  for  operation. 

PIPING  vSYSTKM 

  All  installation,   repair  and  cleanup  work  completed. 


1-10 


EKLC 


537 


 All   plplni^  tested   for   loaks,   adequately  supported,   and  Insulated,  If 

requi  rod . 

CONTROL  SYSTEM 

  All   installation,   repair  and  cleanup  work  completed. 

  Thermostats,   primary  controls,   limit  controls  and  auxiliary  controls  properly 

calibrated  and  preset  to  operate  within  approved  limits- 

PLACtNG  THE  SYSTEM   IN  OPERATION.     Proceed  as  follows: 

Boiler.     Light  off   the  boiler  and  slowly  heat  system  water  and   furnace  refractory. 

Initial  Operation.     When  operating  a  newly  filled  system  for  the  first  time,   heat  it 
to  a  higher  temperature  than  that  anticipated  for  normal  operations,   but  not  above  the 
safe   limits.     This  procedure  expels  entrained  air  from  the  system  water  and  will  help 
vent  tho  system.     After  the  system  has  been  in  operation  for  two  days,   open  the  boiler 
drains  t.o  eliminate  the  heavy  core  sand  and  similars  which  tend  to  flow  to  this  low  part 
ot   tho  system.     When  opening  drain  valves  or  feeding  makeup  water  to  a  hot  water  heating 
system,   keep  the  water  flowing  slowly  to  prevent  the  excessively  rapid  temperature 
changf?s  which  c^iuse  undue  strestjes  in  the  boiler.     After  the  system  has  operated  for 
about  10  days,    reopen  the  air  vents  and  release  all  air  from  the  system.  Afterwards, 
check  the  system  periodically  for  venting  requirements.     When  starting  a  panel  heating 
installation  for  the  first  time,   supply  water  to  the  panels  at  a  temperature  not  more 
than  20*F  above  room  temperature,  or  a  total  of  90*F.     Maintain  this  temperature  for  two 
days;    then  progressively  increase  it,  by  about  5*F  a  day,   to  the  normal  operating 
temperature,   but  do  not  let  it  exceed  140*F.     After  the  system  has  been  flushed  and 
vented,  do  not  drain  it  unless  an  emergency  requires. 

Water  level.     When  operating  a  hot  water  system,   it  is  very  icsportant  to  maintain 
the  propor  water  level   in  the  expansion  tank.     After  the  water  reaches  normal  operating 
temperatures  and  pressure,   stop   the  manual   feed  valve  and  use  only  the  pressure  reducing 
valve.     The  reducing  valve  automatically  mrtint^iins  the  system  water  level •     Inspect  the 
water  line  in  the  expansion  tank   frequently.     When  the  system  is  cold,   the  water  level 
sliould  be  low  enough  to  allow  the  heated  water  to  expand.     Blow  down  the  water,  if 
r e^i  uireti  . 

Pressure.     Observe  system  pressure  frequently.     It  gives  information  about 
unfavorable  conditions  such  as: 

  Low  Water.     Below  normal  pressure  may  indicate  low  water. 

  System  stoppages.     Abnormally  high  pressure  riay  indicate  system  stoppage  from 

freezing  or  other  causes. 

  Expansion  Tank  Completely  Full.     A  rise  in  water  pressure  may  indicate  that  a 

closed  system  expansion  tank  is  completely  filled,  or  that  the  air  volume  in  the 
tank   is  inadequate  for  the  necessary  expansion. 

  Failure  of  Relief  Valve.      If  the  relief  valve  fails  to  operate  when  the 

syst<.^m     roNSure  rises  abov»»  the  determined  setting,   shut  down  the  boiler 
Immediately.     If  the  high  Dressure  results   from  an  excessive   fuel-burning  rate, 
the  water  temperature  will  exceed  the  limit  control  setting,   and  thereby  shut 
down  the  boiler  and  start   the  circulators. 

Control  Systems.     Safe  and  correct  operation  of  a  hot  water  ^{ystem  depends  upon 
proper   functioning:  of  control  equipment.     Periodically  check  operation  of  thermostats; 
primary,   limit  and  auxiliary  control;  and  calibration  and  setting. 

Circulators.     Circulating  pumps  used  in  hot  water  heating  systems  are  usually  very 
simply  constructed.     Check  them  carefully  for  abnormal  noise,   vibration,  or  excessive 
operating  temperature.     Be  sure  that  they  rotate  freely  and  properly,   and  that  stuffing 
boxes  (when  used)  are  not  drawn  up  tightly  enough  to  score  the  shaft. 
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Space  Heating  Equipment.     Set  valves  for  the  maximum  opening  compatible  with  equip- 
r>ent  size  and  system  temperature  balance.     Open  air  vents  periodically  to  trtm  the 
equipment  of  air.     Some  hot  water  systems  have  radiator  valves  for  clo55iiig  oft  circu- 
lation through  the  radiators.     Sometimes,  these  valves  have  weep  hol'js  which  allow 
sufficient  water  circulation,  oven  when  the  valve  is  closed,   to  prevent  the  radiator 
water  from  freezing. 

Normal  Operation 

Well  designed  hot  water  heating  systems  rarely  present  operating  di f f icul t i gb ,  if 
normal  temperatures  and  pressures  are  carried.     If  rapid  fluctuation  or  pulsation 
pressures  should  occur,  check  for  system  leaks,   stoppages,  and  relief  valve  operation. 
The  indicated  pressure  of  a  closed  system  may  increase  slightly  with  the  increase  of 
watr  temperature.     Each  system  has  its  own  definite  increase  characteristic,  determined 
by  the  water  capacity  of  the  syst<9m  and  the  size  of  the  expansion  tank.     Observe  and 
record  this  characteristic  when  the  system  is  in  perfect  operating  condition.     Any  later 
deviations  from  the  established  pressure  may  indicate  that  the  water  level  is  low  (if 
pressure  decreases)  or  t^at  the  system  is  stopped  or  plugged  (if  the  pressure  Is  above 
normal).     Watch  the  rater  level  in  the  expansion  tank. 

Advantages  and  Disadvantages  of  Low  and  Medium  Hot  Water  Systems 

Now  that  operation  of  the  system  has  been  discussed,   and  purpose  and   function  of  all 
components  are  understood,   a  few  advantages  and  disadvantages  may  now  be  pointed  out. 

ADVANTAGES  OVER  OTHER  HEATING  MEDIUMS 

  Cleaner  than  systems  using  air  as  a  medium. 

  More  uniform  heat  distribution  than  systems  using  air. 

  Less  water  treatment  than  systems  using  steam. 

 Safer  than  steam  j:;ystems« 

  Requires  less  component  parts  than  steam  systems. 

  Lower  installation  and  maintenance  cost  than  steam  systems. 

DISADVANTAGES  AS  COMPARED  WITH  OTHER  HEATING  MEDIUMS 

  Will  not  produce  steam  efficiently. 

  Not  suited  Tor  large  central  plants. 


In  low-temperature  heating  systems,   there  is  very  little  water  treatment  requl^'ed. 


Hot  water  systems  are  systems  where  water  is  heated  at  a  central  source,  circulated 
by  either  natural  or  forced  circulation  through  a  system  of  pipes,   and  sent  through 
units  that  transfer  the  generated  heat  to  the  surrounding  air. 

Accessories  are  added  to  boilers  for  the  purpose  of  safety  and  for  ease  of 
ope ration. 

One  devic-t  added  to  hot  water  systems  is  an  expansion  tank.     Without  it  the  heated 
water  would  have  no  place  to  expand  and  contract.     Two  types  used  are  the  open  and 
closed  types.     In  order  to  operate  at  higher  temperatures  a  closed   tank  must  be  used. 

Whenever  operating,  cleaning  or  maintaining  a  hot  water  boiler,  always  remember  to 
follow  manufacturer's  instructions. 


Maintenance  Procedures 


SUMMARY 
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1.  What  is  the  temperature  range  for  a  low  temperature  hot  water  heatinK  system? 

2.  How  are  low  iomperature  hot  water  boilers  classified? 

3.  What   Is  the  purpose  of   the  expansion  tank? 

4.  Whore  aro  open  expansion  tanks  Installed? 


AFM  85-12,   Volume  I,   Operation  and  Maintenance  of  Central   Heating  Plants  and 

Distribution  Systems 


2,     AFM  85--12,  Volume  II,   Operation  and  Maintenance  of  Space  Heating  Equipment  a 

Process  Heat  Ut 11 Izat Ion 
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HOT  WATER  DISTRIBUTION  SYSTKMS 


OH.JKCTIVKS 


Usint',  information  given,  explain  the  types  of  hot  water  distribution  systems  and 
their  components  by  correctly  answering   ten  out  of  fifteen  questions. 

UsinK  information  given,  explain  the  procedures  to  follow  to  install  a  secondary  hot 
water  heating  system  by  correctly  answering  two  out  of  three  questions* 

INTRODUCTION 

Th(»  liot  wati'r  boiler  heats  the  water  necessary   for  the  system  to  operate  while  the 
piping  system  directs  this  Moated  water  to  the  point  where  the  heat  can  be  taken  away. 
OncM*   the  boat  has  been  removed,    then   the  cooler  water  must  then  be  returned   to  the 
boiler  whore   the  process  st;irts  over  again.     This  is  the  purpose  of   the  hot  water 
hea  t i  system. 


The  type  of   piping  system  that  is  used  on  a  hot  water  system  is  dependent  upon  the 
method  of  circulation.     This  was  covered  earlier  under  boilers,   but  we  will   review  their 
basic  operation. 

Natural  Circulation  System- 

In  this  type  of  system  the  water  is  heated  in  the  boiler.     The  heated  water,  because 
it  becomes  lighter,    flows  up  into  the  supply  main  which  slopes  upward  gradually  around 
thn  building.     Once  the  water  gives  off  some  of  its  heat  it  cools  and  becomes  heavier. 
It  is  then  directed  to  the  return  line,   which   is  sloped  towards  the  boiler,  where  it 
goes  through  the  same  process  again. 

Forced  Circulation  System 

The  main  difference  between  the  natural  circulation  system  and  the  force  circulation 
system  is  the  method  of  circulation.      Instead  of  allowing   the  weight  difference  of  the 
water  to  create  circulation,  a  pump  forces  the  water  around.     Because  of  this,   it  is  not 
necessary   to  ol ope   the  pipes. 

The  pump,    usually   in  the  return   line,   controls  the  flow  of  water  through  the  system 
:ind  operates  whenever   the  room  thermostat  calls  for  heat.     The  method  of  piping  the 
water  through  the  radiators,   however,   varies  in  several  basic  ways. 

Direct  Heating  Sy^;tem 

A  direct  heating  system  is  one  in  which  the  water  is  heated  by  hot  combustion  gaaes 
from  burning  fuel  applied  directly   to  the  heating  surfaces. 

Indirect  (Soc<^ndary  Heating  System) 

In  a  secondary  system  the  water  is  heated  by  another  medium  such  as  high  temperature 
water  or  steam.     This  is  done  by  putting  the  heated  medium  through  a  device  called  a 
shell  and  tube  bundle.     They  travel  through  tubes  inside  while  the  water  to  be  heated  is 
around   the  outwside.     This  causes   the  surrounding  water  to  become  heated.     This  heated 
wntor  nan  now  bo  sent  out  and  heat  a  house,   small   bulldinK,  etc. 


I NFORMATION 


TYPES  OF  SYSTEMS 
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SKRIKS  LOOP  SYSTKM:     The  stjrlos  loop 
(Figure  2-1)   Is  tho  simplest  of  the  rad- 
iator supply  arrangements.     Hot  wator 
leaving  the  top  of  the  boiler  through  the 
supply  main  shoots  straight  through  oach 
radiator  in  succession »   through  the 
intervening  lengths  of  pipe,  n^d  on 
around  the  circuit  until   it  l^.   urns  to 
t)ie  bottom  of   the  boiler,     Tb^^  radiators 
are  actually  sections  of  the  mpply 
main — Just  as  if  they  were   1   agths  of 
pipe  itself,   but  fitted  with  radiating 
fins.     So  a  minimum  of  fittings  and 
material  are  required.     But,  since  the 
radiators  are  integral  parts  of  the 
supply  main,   no  radiator  can  be  shut  off. 
As  each  radiator  is  a  section  of  the  main 
circulating  system,   shutting  off  any  one 
of  them  would  stop  the  flow  through  the 
entire  system.     So  all  radiators  heat  up 
and  cool  off  together,  as  the  boiler  is 

turned  on  and  off  by  the  thermostat.  Thus,  the  series  loop  is  suited  mainly  to  compact 
buildings  that  do  not  require  room-to-room  heating  adjustment. 


j-C 


Figure  2-1.     Series  Loop  System 


ONE-PIPE  SYSTEM.     The  one-pipe  system  (Figures  2-2  and  2-3)  consists  of 
pipe  leading  out  of  the  boiler  top  and  returning  to  the  bottom  of  the  boiler 
series  loop.     But  the  radiators  are  not  an  integral   part  of  it.     At  each  rad 
location,  a  branch  pipe  carries  hot  water  from  the  circulating  main  to  the  r 
inlet.     Another  bi^'anch  pipe  carries  the  return  water  from  the  radiator  outle 
the  circulating  main.     A  3hut-off  valve  at  the  inlet  allows  you  to  regulate 
of  water  entering  the  radiator,   or  turn  it  off  altogether.       If  you   turn  it 
water  simply  flows  through  the  main  instead  of  the  radiator,     A  special  T-fl 
form  the  radiator  connects  back  into  the  main  circulating  pipe.     This  T  has 
scoop  facing  away  from  the  flow  through  the  main.     This  causes  It   to  suck  wa 
the  radiator  when  the  inlet  valve  is  opened — but  it  does  not  block  tho  flow 
the  main  when  the  valve  is  closed.     The  advantage  of  the  one-pipo  system,  of 
individual   room  heating  control.     But  it  requires  more  pipe,  more  fittlnj^s, 
intallation.     As  it  combines  central  control   (as  with  the  series  loop)  with 
adjustment,  however,    it  is  a  very  popular  system. 
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Figure  2-2. 


A  Diagram  of  One-Pipe,  Closed- 
Tank  ,   Forced -Circulation  Hot- 
Water  Heating  System 


Figure  2-3. 


A  Diagram  of  a  One-Pipe, 
Open-Tank,  Gravity  Hot- 
Water  l)i  st  r  i  bii  t  l(^n  System 
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TWO-PI PK  SYSTKM,     The  two-pipe  system  (Figures  2-4  and  2-5)  has  two  mains:  the 
supply  m;iin   foods  water  to  the  risers  that  serve  the  heating  units;  and  the  return  main 
collects  the  water  returned  from  those  units.     The  two  mains  run  side  by  side;  the 
supply  main  decreases  and  the  return  main  increases  in  size  where  the  branches  connect • 
Since  the;  hoatinK  units  of  a  two-pipe  system  are  connected  parallel,    it  requires  a 
minimum  pumping  ht^ad.     Also,   if  throttle  valves  or  restricting  orifices  are  used  in  the 
risers,    the   flow  through  individual   units  can  be  adjusted  easily  over  a  wide  range. 
However,   the  two-pipe  system  requires  more  pipe  and  pipe   fittings  than  the  one-pipe 
system.     Two-pipe  systems  are  classified  as  direct-return  and  reverse-return. 


Figure  2-4.     A  Diagram  of  a  Two-Pipe,  Figure  2-5.     A  Diagram  of  a  Two-Pipe, 

Open-Tank,   Gravity  Hot-Water  Closed-Tank,   Forced  Hot- 

Distribution  System  Water  Distribution  System 


Direct  Return.     Tho  heating  units  of  the  two-pipe,   direct-return  system  are 
parallel.      Never tlujless ,    the  water  taken  from  the  main   to   feed  the  first  radiation  is 
rt?turned   first;   that  removed   for  the  second  radiator  is  returned  second;  and  so  success- 
fully  throughout  the  heating  units.     Since  this  procedure  causes  a  progressively  greater 
friction  loss  in  each  additional  circuit,   the  flow  circuits  become  hydraulical ly 
unbalanced.     This  condition  may  cause  the  first  radiator  to  have  a  greater  flow  than  is 
required  to  develop  its  full  capacity,  while  in  a  large  system,   the  flow  through  the 
last  unit  may  be  so  small  that  practically  no  heat  is  delivered.     To  balance  the  system, 
carefully  select  p^ pe  sizes  to  compensate  for  the  differences  in  length  and  the 
consequent   frictl^     loss  of  each  circuit.      (A  balanced  system  must  have  the  same 
pressure  drop  thr<>agh  each  piping  circuit  at  design   flow  rate.)     Restricting  orifices  or 
tJirottle  valves  can  also  be  used  to  correct  flow  distribution  and  to  balance  a  system 
that  is  placed  in  service   (see  Figure  2-6). 
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Figure  2-6.     Two-Pipe ,   Direct-Return  Systems  Arc  Not  Recommended 
for  Res Ldences.     Radiators  Near  the  Bol ler  Can 
Short-circuit  the  Water  Supply. 

Reversed-Return .      In  the  two-pipe,   reversed-return  system  (Figure  2-7),   the  water 
taken  from  the  main  to  feed  the  first  radiator  Is  returned   last  to  the  return  main;  the 
water  supplied  to  the  last  radiator  Is  returned   first.     As  a  result,  all   unit  circuits 
are  of  approximately  equal   length*   a  condition  conducive  to  system  balance.  Tlio 
reversed-return  system  may  require  more  pipe  than  the  direct-return.     However,  Its 
Inherently  better  flow  distribution  and  natural  balance  \ylthout  the  aid  of  additional 
valves  or  orifices,   compensate  for  the  additional  cost,   making  It  the  best  system  to 
use . 


Figure  2-7.     A  Two-Pipe  Reversed^-Return  System.     Flow  Through  tho 
Supply  Main  Decreases  After  Each  Branch  Connection 
to  a  Radiator;   Flow  Through  the  Return  Main  Increases 
After  Each  Connection  From  a  Radiator. 
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Booaiise  of   lUo  different  <ieslgns  of  each  system  a  particular  installation  may 
combine  two  or  all  of  the  abovo  systems, 

COMPONENTS  OF  A  HOT  WATER  DISTRIBUTION  SYSTEM 

Special  Flow  Fittings. 

Several  special  tees  are  available  for  use  In  one-pipe  systems  to  deflect  main  line 
wat(^r  into  each  consumer.     These  tees  impose  the  necessary  pressure  drop  in  the  main 
lino  between  the  supply  and  return  riser  connections  to  deflect  the  quantity  of  water 
required  to  each  individual  consumer.     (Radiator,   unit  heater,  etc,) 

Gate  Valves 

Gatf>  valvcjs  are  used  in   lines  where  unrestricted   flow  is  important. 
Glove  Valves 

A  globe  valve  is  used  to  throttle  the  flow  as  necessary.     These  valves  are  used  on 
tlu*  supply  line  to  each  consumer  to  control  temperature  of  an  individual  room,  etc. 

Check  Valves 

Check  valves  are  used  any  place  in  the  system  where  flow  reversal  could  cause  damage 
to  the  system  such  as  thermal  shock.     (This  is  where  hot  and  cold  water  come  together 
causing  a  knocking  sound.) 

Plug  Cocks 

The  primary  function  of  the  plug  cock  is  to  adjust  the  flow  rate  to  control  the 
system  temperature.     Plug  cocks  may  be  used  in  lines  not  subjected  to  excesaive  heat, 
bat  they  should  be  lubricated  and  tested  frequently  to  insure  leak-free  operation. 

Anchors,   Hangers,   and  Supports 

Those  devices  are  used  to  support  and  carry  the  weight  of  the  pipe,  valvea, 
fittings,  and   fluid  in  a  piping  system. 

Expansion  Joints 

In  long  heating  lines,   thermal  expansion  of  the  pipe  is  handled  easily  by  expansion 
joints  or  loops.     By  installing  these  devices  into  the  system  the  piping  has  a  place  to 
expand.     If  expansion  Joints  were  not  installed  in  long  lines  the  piping  could  knock 
down  walls  or  anything  that  might  get  in  the  way  of  the  pipe  expanding. 

Strainers 

Strainers  are  installed  at  various  points  in  the  sytem  to  remove  any  foreign 
material  that  might  collect   in  the  lines. 
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Air  Vents 


Air  pockets  In  piping  prevent  or 
Interfere  with  circulation.  Thorofore, 
all  piping  must  be  pit<Jhed   to  vent  air 
into  the  expansion   tank  through  connec- 
tion on  the  radiators  or  hlghpoints  in 
the  piping  system.     Mains  are  pitched  up 
and  away  form  the  boiler  or  heater  (In 
the  flow  direction)  at  a  slope  of  1/4  to 
1  inch  per  10  feet.     Either  manual  or 
automatic  vents  must  be  Installed  on 
radiators,   or  at  high  points  in  the 
system.     If  manual  vents  are  used,  the 
air  must  be  vented  periodically.  Install 
the  minimum  number  of  automatic  vents, 
valves,   and  fittings  as  they  are  points 
of  air  entry  or  rater  leakage.  See 
Figures  2-9  and  2-10. 


FLOAT 


VALVt 
OPtN 


J 

TOP  virw 

Figure  2-9.     One  Type  (if  Automatic 
Air  Vent 


NOTE:     Use  screwdriver  to  open  valve. 

Leave  valve  open  until  a  steady 
stream  of  water  goes  into  can . 


Figure  2-10.     Manual  Air  Vent 
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FLOW  ADJUSTMENT  AND  BALANCE 


A  DroDorly  designed  hot  water  heattnB  system  is,   to  a  large  extent  self-adjusting. 
Ilowcwer     most  havo  some  way  to  reijulate  the  water  flow  and  thereby  adjust  the  heat 
deUvcr;  o?  luu  ting  unit  and  branch  circuits  during  unforeseen  conditolns-  Flow 
ad  astment  and  balancing  is  especially  important  In  two-pipe  J^--^-^^^"^^,^^,^^ 
because  of   their  Inherent  hydraulic  unbalance.     The  folloiwng  conditions  determine  the 
adjusting  method  used. 


Pipe  Siv.e  Selection 


Use  of  Orifices 

Oririces  can  produce  friction  drops  artificially  and  so  balance  all  ^^^S^^^^f 
deslg^   low  condition.     Generally,    this  method  used  the  same  design  Pf  ^'^^^P^^^ .  P^P^ 
sizing,   except   that  it  creates  the  required  friction  drop  by   introducing  an  orifice 
instead  of  reducing  the  pipe  size. 

Use  of  Throttle  Valves 

Throttle  valves  provide  a  flexible  arrangement  for  adjusting  circuit  water  flow  and 
balancing  the  circuit. 

System  Balancing 

To  determine  whether  hot  water  systems  require  balancing,   measure  the  space 
temperatures  with  room  thermometers,   or  determine  the  water  temperature  drops  through 
heatinc  unit  s^.ones  with  thermometers  installed  in  the  piping,  or  with  surface  contact 
thJrmoLter^     If  t       temperature  drop  method  is  used,   the  capacity  of  the  heating  units 
should  be  adequately  matched  to  the  heat  load  demand. 

PROCEDURK  FOR  SYSTEM  BALANCING.     Tc   adjust   the  heat  distribution  of  a  hot-water 
heating  system,   proceed  as  follows: 

  Prepare  a  worksheet  to  record  all  pertinent  information  such  as:  building 

description,   7.one ,  date,   equipment  data,   periodic  readings,   space  temperature 
rc-adings,   and  supply  and  return  temperature  of  heating  units  or  zones. 

  To  eliminate  outside  influence,   balance  the  system  on  an  overcase  day  or  at 

night  when  heat-gain  conaitions  are  minimum.     However,    the  outside  temperature 
should  be  low  enough  to  require  at  least  50  percent  of  the  systems  heating 
capacity  to  maintain  the  desired  inside  temperature. 

  Place   tho  system  in  service. 

  Open  all  valves,   adjusting  elements,   dampers  for  the  regulations  of  air 

circulation,  etc. 

  Make  sure  that  no  automatic  devices  that  control   the  flow  of  water  or  the 

capacity  of  any  unit  are  operating. 

  Close  all  doors  or  connecting  openings  between  rooms. 

  Wait   for  the  system  to  reach  thermal  equilibrium,    then  take  a  complete  set  of 

temperature  readings  throughout   the  system.     (Thermal  equilibrium  is  obtained 
when  successive  temperature  readings  are  approxiamtely   the  same.) 

  Make  an  initial  adjustment  of   low  control  devices  according  to  the  registered 

readings  obtained  in  the  above  step.      If  adjustment   is  by  space  temperature 
readings,   obtain  the  designed  indoor  temperature.      If   the  water  temperature  drop 
method   is  used,  obtain  equal   tern,  ^*rature  drops  through  all  units  or  zones. 
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  Take  a  new  set  of   temperature  reading       after  a  new  thermal   c(iulllbrlum  has 

been  established  throiiy^hout  the  bulldlng- 

 Continue  adjustments  of  flow-regulating  devices  until   the  desired  conciltions 

are  obtained. 

  When  the  system  has  been  satisfactorily  adjusted,  mark  the  position  of  each 

of  the  flow-regulating  devices  (flow  cocks,   valves,  etc.)-     Then,   if  tho  position 
of  the  flow-control  fittings  is  disturbed   later  by  lu^cLdent  or  durin^v  i?morg«Micy 
operations,   the  proper  flow  to  heating  units  can  be  roestabl  ish(»d . 

TRMPRRATUKE  CONTROL  SYSTEMS 

As  a  rule,  more  than  one  thermostat  is  needed  to  properly  control   temperature  in 
large  buildings.     Better  control   is  obtained  by  dividing  the  building  into  two  or  more 
zones»  each  controlled  by  a  separate  thermostat.     This  practice  is  called  zoning 
control . 

There  are  many  possible  zone-control  arrangements   for  hot  water  heating  systems. 
The  following  are  among  the  most  common. 

Natural  Systems  * 

In  most  natural  circulation  hot  water  temperature  control  systems,    the  tl^ermostat 
controls  the  temperature  of   the  building  by  controlling;   the  burner.     Whenever  the 
temperature  in  the  building  falls  below  the  thermostat  setting,    the  thermostat  will  make 
the  circuit  to  the  burner  primary  control  energizing  the  burner.     When   the  temperature 
in  tlie  building  reaches  the  thermostat  setting,   the  thermostat  will  de-energize  the 
burner  circuit. 

The  aquastat  on  the  other  hand  acts  as  a  limit  control  shutting  down  the  ler, 
regardless  of  the  setting  of  the  thermostat,  when  the  water  in  the  boiler  rc      les  a 
preset  temperature. 

Suppose  the  thermostat  is  set  on  68'F  and   the  aquastat  is  set  on  180' F,   when  tlie 
temperature  in  the  building  falls  below  68'F,    the  thermostat  will  start  the  burner.  Tlu? 
burner  will  run  until   the  water  temperature  reaches  180'F.     The  aquastat  will   then  st<)f> 
the  burner.     When  the  water  temperature  falls  below  180'F,    the  burner  will   be  allowed  to 
start  again.     This  cycle  will  continue  until   the  thermostat   is  satisfied. 

Forced  Systems  Temperature  Control 

Temperature  control  systems  for  forced  circulation  systems  can  be  classified  into 
two  types:     single  zone  and  multiple  zone  systems. 

SINGLE-ZONE  INSTALLATIONS.     In  most  single-zone  temperature  control  systems,  the 
aquastat  controls  the  burner  and   the  thermostat  controls  the  circulating  pump. 

The  aquastat  makes  the  circuit  to  the  burner  primary  control  whenever  the 
temperature  of  the  water  within  the  boiler  falls  below  tho  setting  of  the  aquastat. 
When  the  water  reaches  the  desired   temperature,   the  aquastat  breaks  the  circuit  to  the 
burner . 

The  temperature  of  the  building  is  then  controlled  by  a  thermostat  that  will 
energize  the  circulating  pump  when  the  temperature  of  the  building  falls  below  the 
the r mos tat  se 1 1 i n g . 

MUILTIPLE-ZONE  INSTALLATIONS.     There  are  many   types  of  temperature?  control  systems 
used  in  multiple  zone  installations.     The  main  difference  is  in  the  way   the  temperature 
of  each  zone  is  being  controlled.     The  thermostat  for  each  zone  may  control  either  a 
circulating  pump  or  a  modulating  valve. 

Secondary  Heating  Systems  Temperature  Control   (Indirect  Heating) 

To  control  the  water  temperature  of  a  secondary  system  you  must  control  the  flow  of 
the  heating  medium.      (High  temperature  water  or  steam).     This  is  accompl ishi^d  by   the  use 
of  a  remote  bulb. 
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As  the  temporature  of  the  secondary  water  begins  to  rise  the  volatile  liquid  in  the 
bulb  belng.s  to  gasify.     The  gas  then  expands  through  the  capillary  tube  and  begins  to 
oxort  pressure  on  the  bellows.     The  bellows  begins  to  expand  causing  a  valve  to  close 
off  the  flow  of  the  heating  medium*     This  causes  the  water  inside  the  tubes  to  cool, 
which  in  turn  allows  the  secondary  water  to  lower  in  temperature  also.     Sec  Figure  2-11. 


Bellows 


Return  ^ 

Supply 
of  Heated 
Modium 





Heated  Water  From 
Secondary  System 


Return 


Figure  2-11.     Secondary  System  Temperature  Control 
METHODS  USED  TO  TRANSFER  HEAT 


HI- 


SfCflON 


RADIATORS.     The  term  "radiator"  (see 
Figure  2-12)  Is  usually  applied  to  heat- 
dlstrihuting  units  composed  of  cast-ir^n 
hollow  sections  joined  by  nii>plef?.  Three 
types  of  radiators  are  now  manufactured: 
column,   small-tube,  and  wall.     In  the 
past,  a  large-tube  radiator  was  manufac- 
tured,  but  it  has  been  replaced  by  the 
small-tube  (with  a  spacing  of  1-3/4  inch 
per  section)  which  occupies  less  space 
and  can  be  recessed.     Radiators  are 
heate'i  by  conduction  through  contact  with 
steam  or  hot  water.     They  then  transfer 
th(?  heat  to  rooms  or  areas  by  radiation 
and  convection.     Usually,   units  that  have 
large,   exposed  heating  surfaces  emit  more 
radiation  heat  than  those  with  concealed 
surfaces.     The  total  amount  of  heat  transferred  from  the  radiator  to  the  surrounding 
aroji  depends         tho  heating  surface  area,   the  average  surface  temperature  of  the  unit, 
tho  nature  a:.d   finish  of   the  surface,   unit  configuration,   ambient  room  temperature,  and 
location  of  the  unit.     Locate  radiators  where  heat  loss  If  greatest,   i.e.,  beneath 

the  windows  of  a  room.     If  a  radiator  is  placed  along  an  inside  wall>  cold  infiltrated 
air  (which  is  heavier  than  warm  air)  will  cross  the  room 
occupants.     But  if  the  radiator  is  located  properly,  the 
by  the  radiator  and  will  rise,   cross  the  ceiling,  and  go 
It  contacts  the  room  occupants. 


Figure  2-12.     Typical  Cast-iron  Radiator 


near  the  f loor  and  chi I 1  the 
infiltering  air  will  be  warmed 
down  the  opposite  wall  before 
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In  industrial  buildings,   radiators  made  of  pipe  coils  are  often  us<mI  .     They  are 

usually  located  under  windows  or  where  high  rates  of  heat  loss  occur.     TUv  plpcj  normally 

has  a  diameter  of  1,   1-1/4  or  1-1/2  inches.  The  coils  are  usually  assomblod  la  rows  of 

horizontal  pipes  and  placed  vertically  on  a  wall. 

CONVECTORS.     A  convector  is  a  heat-distributing  unit  which  operates  by  the  convec- 
tion principle.     A  convector  consists  of  a  heating  element  with  an  enclosure.  Air 
enters  the  enclosure  through  an  opening  below  the  heating  element  and  is  discharged  at 
anoth^or  opening  above  the  element.     Since  the  convection  principle  is  used,  no  mechani- 
cal device  is  required  to  recirculate  the  room  air  through   the  unit.     Cold  air  enters 
the  convector  below  the  heating  element,   Is  heated  by  contact,   and  convected  upward 
through  the  outlet  opening  of  teh  enclosure.     The  types  and  design  of  enclosures  vary 
with  requirements;  outlet  air  openings  are  usually  grilled;   inlet  openings  can  bo  olttiop 
open  or  grilled.     Convectors  may  be  freestanding,  wall-hung,  or  recessed. 

BASEBOARD  UNITS.     Baseboard  radiation  consists  of  long,   low-heating  units,  generally 
installed  along  the  bottom  of  outside  walls,  which  resemble  and  replace  conventional 
baseboard  •     They  operat:'*  by   the  convection  principle,  although  in  most  oases,  a 
substantial  portion  of  their  total  heat  output  is  transferred  by  direct  radiation  to 
cooler  surfaces.     Baseboard  units  are  suitable  for  use  on  hot  water  and  steam  heating 
systems.     These  are  their  main  advantages. 

  Ease  of  installation  along  cold  walls  and  under  areas  where  rate  of  heat  loss 

is  greatest. 

  Heat  distribution  near  the  floor  and,  consequently,   a  more  uniform 

temperature  from  floor  to  ceiling. 

  Practically  no  interference  with  furniture. 

  Ease  of  concealment. 

  Convenience  of  installation  (to  prevent  cold  floors)  In  houses  without 

basements . 

  Perimeter  heating  and  even  wall-to-wall  temperatures. 

Baseboard  units  may  be  of  three  basic  types:     radiant-type,   radlant-convec tor  and 
f inned-tube. 

Radiant-Type.     Radiant-type  units  are  usually  constructed  of  hollow  cast-iron  or 
steel  sections.     When  no  space  is  available  for  floor  or  wall-mounting,   they  are 
suspended  from  ceilings.     However,  suspended  units  transfer  less  heat  by  convection  than 
do  floor  or  wall  units. 

Radlant-Convector .     Radlant-convector  units  have  enclosures  with  air  Inlets  at  the 
bottom  and  air  outlets  at  the  top»     In  some  designs*   the  openings  have  grills  or  dampers 
to  regulate  the  airflow.     The  heating  elements  consist  of  hollow  cast-iron  or  steel 
sections.     A  large  percentage  of  the  heat  output  of  these  units  is  transmltto<i  by 
convection.     Although  the  temperature  of  all  baseboard  units  is  kept  rather  low,  they 
can  yield  a  higher  heat  output  per  linear  foot  than  the  radiant   type.     They  are, 
therefore,  particularly  suitable  for  installation  with  high  heat  loss  or  scarce  wall 
space. 

Flnned-Tube.     The  heating  elements  of  flnned-tube  baseboard  units  consist  of  tubes 
into  which  lightweight  fins  are  mechanically  bonded  or  embedded  to  increase  the  heating 
surface.     The  tubes  may  be  ferrous  or  nonferrous  (usually  steel  or  copper)  with  fins  of 
steel  or  aluminum.     The  units  come  In  standard  lengths  for  ease  of  installation*  The 
heating  elements  are  concealed  by  enclosures  of  seve'jral  designs,  and  a  considerable 
percentage  of  the  total  heat  output  is  emitted  by  convection.     The  heat  output  per 
linear  foot  varies  with  the  different  designs,   sizes  and  materials  used.     In  general, 
baseboard  installations  are  designed  for  the  minimum  output  per  linear  foot  compatible 
with  the  total  heat  losses.     Units  are  usually  Installed  along  as  mucli  of  the  exposed 
wall  as  possible.     When  desired,  dummy  sections  without  heating  elements  can  bo  used  to 
provide  continuity  In  the  Installation  and  simulate  a  conventional  baseboard - 
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FINNfc;i)  TUBK  UNITS.     When  maximum  covected  heat  per  linear  foot  is  required,  finned 
tubo  units  are  normally  used.     They  consist  of  finned-tube  elements  fabricated  by 
bonding  metallic  fins  to  metallic  tubes.     The  tubes  and  fins  can  be  all  steel,  or  copper 
(tubes)  and  aluminum  (fins).     Generally,   these  units  are  placed  along  the  walls,  where 
the  heat  loss  Is  greatest;   if  necessary,   they  can  be  installed  in  two--or  three-tiers. 
The  heating  medium  is  either  steam  or  hot  water.     When  hot  water  is  used  in  the  multiple 
tier  installation,   a  continuous  water  flow  through  a  coil-type  arrangement   is  preferred. 
If  a  grid  Installation,  with  header  connections  for  parallel   flow.   Is  used,   water  may 
short-circuit  through  the  path  of   least  resistance  and  reduce   the  heat  output.  These 
units  can  be  equipped  with  various  types  of  covers,   enclosures  or  protective  grilles. 
However,    they  are  often  installed  without  covers,   and  with  the  elements  supported  from 
walls  or  ceiling  by  suitable  hangers.     The  heating  output  of  finned  tubes  depends  on 
operating  conditions,   heating  surface,   and  fin  design  construction  materials,  surface 
finish.      In  most  cases,   a  substantial  percentage  of  the  heat  is  transferred  by 
convoct  ion . 

PANKL  HKATING.     Low  temperature  hot  water  is  the  most   frequently  used  heating 
medium.     Heating  is  supplied  by  circulating  the  hot  water  through  embedded  piping  or 
tubing.     The?  most  common  type  of  panel  heating  are  ceiling,   wall  and  floor. 

UNIT  IlKATEKS.     The  unit  heater  consists  of  a  factory-raade  assembly.      Its  basic 
el(>ments  are  a   fan  and  motor,   a  heating  element,  a  casing,   and  outlet  vanes  or 
dl f  f users . 

Hot  water  unit  heaters  are  chiefly  used  to  heat  large,   unpart i t ioned  areas  of 
commercial  structures,   such  as  garages,   shops  laboratories,   stores,   base  exchanges,  and 

mess  hal Is. 


Hot  water  heating  systems  operate  the  same  as  the  boilers  do.  They  direct  the 
heated  water  by  either  natural  or  forced  circulation. 

There  are  four  basic  types  of  hot  water  systems,  the  series  loop,  the  one-pipe 
system  and  the  two-pipe  systems,  direct  and  reverse  return. 

In  a  series  loop  system  the  consumers  are  part  of  the  supply  main.     If  you  shut  one 
off  they  al I   go  of f . 

In  the  one-pipe  system  the  consumers  are  not  part  of  the  supply  main.  To  help 
direct  the  flow  of  water  through  the  circuit  are  special  flow  fittings.  These  are 
*'scoops"  that  direct  the  flow  of  water  through  each  consumer. 

There  are  two  types  of   two-pipe  systems^   the  direct  return  and  the  reverse  return. 
In  a  direct  return  the  first  consumer  to  receive  the  heated  water  is  also  the  first  one 
tr>  return  the  water.     This  causes  the  last  consumers  to  be  "robbed'*  of   the  heater  water. 

In  tlie   reverse  return  the   first  consumer  to  receive  the  heated  water  is  the  last  to 
retiir.i  it.     This  type  of  system  is  the  easiest   to  balance. 

Balancing  a  hot  water  system  can  be  accomplished  by  changing   the  size  of  the  pipe, 
by  using  orifices  or  by  using  throttle  valves. 

Temperature  control  of  hot  water  systems  is  done  by  zoning.     This  helps  to  break  it 
down  into  smaller  areas,   thereby  making  temperature  control  much  easier.     This  is  done 
by  either  single  or  multiple  zones. 


SUMMARY 
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QUESTIONS 

1.  What  are  hot  water  consumers? 

2.  What  type        pl^lnfe  system  is  easiest  to  balance? 


3.    What  16  add^d  to  k  onfe-pi*pe  sys'tfeln  to  h^lp  direct  the  floW  of  water  to  the 
consuToers? 


4.     What  is  the  purpose  of  expaYisio^  Joints? 
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Tlir    >LESHOOTING  HOT  WATER  SYSTEMS 

OBJECT IVKS 

llsliu',  information  given,  explain  the  procedures  to  follow  in  troubleshooting  a  hot 
wat(»r  heating  system  by  correctly  answering  12  out  of  15  questions. 

Using  Information  given,  explain  how  to  inspect  and  replace  aquastats,  maintenance 
of  pressare  regulators,   precedures  to  follow  to  inspect  and  maintain  special  flow 
fittings,   installation  of  air  bleed  valves  and  pressure  regulators,   procedures  used  to 
balance  system  and  inspecting  boilers  for  leaks ,  corrosion ,  and  scale  by  correctly 
answering  sixteen  out  of  twenty  questions.  ^ 

I NTUODUCTION 

Operating:  a  hot  water  heating  system  consists  of  more  than  Just  heating  water, 
Th(»re  arc  many   things  that  must  be  done  to  make  sure  that  everything  works  Just  the  way 
it   is  supposi'd  to. 

Suppose  you  set  your  hot  water  system  up,   started  it  up,  and  it  wouldn't  work.  What 
would  you  do?     This  section  deals  with  the  procedures  to  follow  in  troubleshooting. 

INFORMATION 

PROCEDURES  USED  TO  TROUBLESHOOT  FIRESIDE 

In  order  to  more  easily  understand  how  to  troubleshoot  a  hot  water  heating  system, 
we  will  break  it  down  into  three  areas:     The  fireside,   the  waterside  and  the  piping 
system. 

Fireside 

The  fireside  of  the  hot  water  boiler  is  the  area  where  the  fuel  is  burned  to  produce 
heat.     When  you  troubleshoot  the  fireside  you  will   look  at  the  fuel,   the  burner, 
controls,  combustion  chamber  and  finally  the  exhaust  passageways. 

Hurners 

Let  us  say,   for  instance,   that  your  burner  was  not  operating  correctly,  what  would 
you  clieck?     First,   you  have   to  look  at  the  type  of  fuel  you  are  using. 

Coal 

Suppose  you  were  firing  with  coal  and  you  noticed  that  your  fire  was  not  burning 
properly.     You  first  have  to  determine  what  is  causing  the  problem.     Is  it  because  you 
have  too  much  fuel,  too  little  fuel,  or  ±s  it  because  of  improper  combustion? 

If  It  was  because  of  too  much  fuel  you  would  have  to  adjust  your  controls  to  slow 
dt)wn  yo»tr  coal   feed  rate.     If  it  was  because  of  too  little  fuel  then  you  would  have  to 
jidjust  your  controls  to  speed  up  your  coal  feed  rate.     However,   if  it  was  caused  by 
improper  combustion  then  you  would  have  to  adjust  your  air  supply  accordingly. 

Any  additional  problems  encountered,   you  should  refer  to  tht?  manufacturer's 
I nst ructions. 

Oil 

When  you  are  operating  with  oil  as  your  fuel  supply,   then  you  have  a  few  more  items 
to  think  about  when  troubleshooting.     Not  only  do  you  to  thinK  about  your  fuel  supply 
and  controls,   you  also  have  to  look  at  whether  it  is  in  your  ignition  system  or  oil 
piping  system. 
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Once  again,  before  you  begin  to  troubleshoot »  you  first  have  to  determine  what  Is 
causing  the  problem  by  where  it  exists. 

In  roost  cases  if  the  problem  exists  in  the  Ignition  system,  your  burner  will  putf 
upon  startup.     This  is  caused  by  a  weak  Ignition.     In  order  to  find  out  what   is  causlUK 
It  you  will  have  to  look  at  your  electrode  setting,    transftirmor  porcelain  or  ol<>ctrodos 
and  connections. 

Problems  enocuntered  in  your  control  system  were  covered  previously  when  you  covu rml 
oil  burners.     Befer  to  the  troubleshooting  guide  under  oil  burners  or  manufacturer's 
instruct ions. 

Gas 

Troubleshooting  a  system  that  is  firing  with  gas  is  probably  the  easiest  of  all  the 
fuels.     Much  of  t|he  tlrte  the  problems  encountered  with  gas-fired  equipment  is  related  to 
the  pilot  ligh.t.     It  can  be  caused  by  an  improperly  adjusted  flame,  bad  thermocouple  or 
bad  power  unit  (electromagnet  used  to  hold  valve  or  contacts  open). 

As  with  odl,  troubleshooting  a  gas  control  system  was  covered  previously.  Any 
further  problems  encoiinxtered ,  you  should  refer  to  the  manufacturer's  Instructions- 

PROCEDURES  USED  TO  TROUBfLBSHOOT  WATKRSTDE 

Waterside 

The  waterside  of  a  hot  water  l?oller  is  the  inside  of  the  boi^ar.     This  includes  not 
only  the  boiler  itself,  but  also  the  circulating  pump. 

Tube  failure 

One  type  of  trouble  encountered  with  hot  water  boilers  is  a  tube  failure.     This  type 
of  problem  is  encountered  only  on  steel  boilers  because  cast  iron  boilers  do  not  have 
tub^s»  they  have  sections. 

Tube  failure  can  be  caused  by  a  couple  of  things.     One  is  by  corrosion.  This  is 
where  the  impurities  in  the  water  build  up  inside  the  boiler  causing  scale.     Over  a 
period  of  time  this  can  begin  to  restrict  water  flow.     This  in  turn  causes  more  heat  to 
build  up  in  this  one  spot  or  area.     After  a  period  of  time  the  tube  will  begin  to  bend 
and  eventually  fall.     By  the  time  this  happens  it  Is  time  to  either  overhaul  or  replace 
the  boiler. 

Valves 

Whenever  you  are  troubleshooting  it  is  good  practice  to  check  all  valves  to  make 
sure  that  the  ones  that  are  supposed  to  be  open  are  open  and  the  ones  closed  are  closed. 

Leaks 

Anytime  a  fluid  such  as  water  is  run  through  a  piping  system  there  Is  always  a 
possibility  of  leaks.     Boilers  are  no  exception. 

Leaks  on  a  hot  water  boiler  can  occur  either  inside  the  boiler  or  outside.  Whenever 
there  is  a  leak  on  a  boiler  or  system  there  will  be  a  drop  in  pressure.   In  a  closed 
system,  and  a  drop  in  the  water  level  in  the  expansion  tank. 

Pumps 

The  types  of  problems  encountered  with  circulating  pumps  are  either  leaking  seals, 
worn  out  impellers,  broken  couplings  or  burned  out  motors. 

Whenever  the  seals  begin  to  leak  they  must  be  replaced  as  soon  as  possible.     if  they 
are  not  there  is  a  possibility  of  water  entering  the  motor  and  burning  it  out. 
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Si?{il    replacement   Is  a  fairly  easy  process,   depending  on  the  pump  manufacturer.  Many 
us<?  what   Is  called  a  mechanical  seal.     This  type  of  seal    uses  a  spring  to  push  the  i^eal 
towards  the  shaft.     After  a  period  of   time  the  seal  wears  to  a  point  where  it  is  much 
larger  than  the  shaft  itself-     When  this  happens,   the  spring  can  no  longer  keep  enough 
pressure  to  prevent  water  from  coming  out  by  the  seal.     At  this  point  replacement  is  a 
necessity- 

Many  domestic  hot  water  boilers  use  a  circulating  pump  with  a  spring-type  coupling. 
After  many  months   In  operation  and  starting  and  stopping,    the  springs  will  wear  holes  in 
the  coupling.     When  this  happens  the  coupling  must  be  replaced  before  any  further  damage 
is  done. 

If  the  impeller  begins  to  wear  out  the  output  of  water  from  the  pump  will  decrease 
considerable.     Replace  the  impeller  by  following  the  manufacturer's  instructions  for 
that  i)articular  pump- 
Whenever  it  is  necessary  to  replace  the  pump  motor  it  is  good  practice  to  check  the 
old  motor  for   lack  of   lubrication  or  ove*.'  lubrication- 

PROCEDURES  USED  TO  TROUBLESHOGT  SYSTEM 

Sy s  tem 

What  is  meant  by  a  hot  water  system  is  the  piping  itself,    such  as  the  one-pipe  or 
two-pipe  system. 

Tjoss  of  System  Pressure 

Whenever  there  is  a  loss  of  system  pressure  you  must  check  to  find  out  why  it  is 
dropping.     First,   you  should  check  the  expansion  tank  to  see  if  you  have   lost  the  air 
cushion.     You  can  tell  by  looking  at  the  gauge  glass  on  the  tank.     A  high  water  level 
would  indicate  a   loss  of  the  air  cushion. 

In  order  to  replace  the  cushion  you  must  drain  the  water  from  the  tank  while  opening 

the  vent  on  the  airtrol.     Once  the  tank  is  emptied,  close  the  drain  and  the  alrtrol  and 

refill  the  tank.     Watch  the  tank  to  see  if  you  lose  the  air  cushion  again.     If  you  do 

you  will  have  to  look  for  a  leak  on  the  air  cushion  side  of  the  tank. 

Another  component  that  could  allow  you  to  lose  system  pressure  is  a  pressure  regula- 
tor.    Possibly  it  could  be  out  of  adjustment.      If  it  is,   readjust  and  watch  the  system 
to  be  sure  it   is  working  correctly.      It  it  is  defective  it  must  be  replaced- 

Finally  clieck  to  make  sure  that  the  correct  valves  are  open  or  closed  and  also  that 
thero   Is  no  unwanted  air   In  the  system. 

PROCEDURES  USED  TO  INSPECT  AND  REPLACE  AQUASTATS 

Inspection 

Inspection  of  an  aquastat  consists  of  checking  the  installation  and  adjustment. 
Since  installation  was  covered  earlier,    this  section  will  deal  with  the  adjustment 
procedures , 

The  only  adjustment  made  on  an  aquastat  is  setting  the  range  dial   for  the  desired 
op<?rating  temperature,   although  in  some  cases,   you  can  also  adjust  the  differential. 
The  differential  may  be  fixed   (factory  set)  or  adjustable.     Adjustable  differentials  may 
be  adjusted  over  a  wide  range  (2  to  45*F  in  some  cases)   by  turning  a  knob  or  a  slotted 
screw.     The  differential  determines  the  temperature  lag  of  the  firing  equipment  between 
stop  and  start.     To  determine  the  point  at  which  a  burner  will  restart,   subtract  the 
differential  setting  from  the  range  setting. 

Replacement 

When  an  aquastat  fails  or  does  not  maintain  the  boiler  temperature  within  a  toler- 
able range,    it  shuld  be  replaced.     The  removal  of  an  aquastat   is  relatively  simple  and 
normally  consists  of   loosening  one  or  two  screws  and  removing  t>ie  aquastat  and  element 
from  the  boiler.     Physical  replacement  of  an  aquastat   Is  equally  easy,   however,  make 
C(;rtain  the  replacement  aquastat  has  the  same  range  as  the  old  one.     After  the  aquastat 
is  replaced,   adjust  in  accordance  with  the  preceding  paragraph- 

3-3 


EKLC 


555 


PRESSURE  REGULATOR  MAINTENANCE  PROCEDURKS 


The  most  common  types  of  problems  you  will  encounter  when  using  a  water  pressure 
regulating  valve  are  the  following: 

  Relief  valve  drips  cannot  be  shut  off  tightly. 

  Boiler  pressure  rises  above  the  i  educing  valve  setting, 

  Water  escaping  "seep  hole"  on  top  of  the  regulator, 

  Water  escaping  feeder  side  of  the  combination  valve. 

Some  of  the  problems  listed  above  (particularly   the  first  two)  may  n<3t  be  the  fault 
of  the  valve  itself.     For  example,   a  dripping  relief  valve  can  he  caused  by  either  an 
expansion  tank  being  completely   Pilled  with  water,   an  undersized  expansion  tank,  or  a 
leak  in  the  coil  of  a  tankless  or  indirect  water  heater  installed  in  the  boiler.  These 
possibilities  should  be  checked  befo^-e  attempting  to  service  or  repair   the  valve. 

If,   by  process  of  elimination,   the  problem  can  be  traced  to  the  valve,   try  tapping; 
the  side  of  the  valve  with  a  wrench.     Sometimes  a  piece  of   foreign  matter  will  become 
lodged  and  cause  the  regulator  piston  to  stick.     A  sharp  tap  with  a  wrench  may  dislodge 
It  and  allow  the  valve  to  function  properly. 

Foreign  matter,  such  as  dirt  or  pipe  scale,  will  often  cause  a  valve  to  malfunction 
by   lodging  on  a  seating  surface  or  nicking  or  chipping  the  surface.     Valve  manufacturers 
will  often  provide  replacements  or  instructions  for  field  servicing  and  repairing. 

Water  seeping  from  the  regulator  "seep  hole"  or  from  the  feeder  side  of  a  combina- 
tion valve  is  usually  an  indication  that  there  is  a  rupture  or  leak  in   the  diaphragm. 
Follow  the  procedures  described  in  the  preceding  paragraph  for  repairing  the  valve.  An 
occasional  flushing  of  the  relief  side  of  the  combination  valve  will  reduce  the  possi- 
bility of  the  type  of   lime  or  scale  buildup  that  can  cuase  the  valve  to  fusr?  shut. 

INSTALLATION  PROCEDURES  FOR  AIR  BLEED  VALVES  ANP  PRESSURE  RKGULATOKS 

Pressure  Regulators 

You  should  Install  this  valve  at  approximately   the  same  level  as  the  top  of  the 
boiler.     Figure  3-1  shows  the  typical  location  of  a  water  pressure  regulating  valve. 
Before  installing  the  valve,    flush  out  the  supply  pipe  to  clear  it  of  scale,  dirt,  and 
other  foreign  matter  that  could  disrupt  its  operation.     Install  a  shutoff  valve  ahead  of 
the  regulator  and  then  connect  the  supply  line  to  the  inlet.     The  inlet  side  of  the 
water  pressure  regulator  valve  is  usually  marked  "IN"  on  the  valve  casting. 

To  fill  the  system,  open  the  shutoff  valve  located  ahead  of  the  pressure  regulating 
valve.  Water  will  flow  into  the  system  until  it  is  full  and  under  pressure.  The  shut- 
off  valve  must  always  be  kept  open  when  the  system  is  in  operation. 

For  a  building  in  which  the  factory  pressure  setting  may  not  bo  sufficient  to  lift 
the  water  to  the  higherst  radiator,    it  may  be  necessary  to  reset  the  regulating  valve 
for  a  higher  pressure.     To  do  this,  calculate  the  number  of   feet  from  the  regulator  to 
the  top  of  the  hlghost  radiator.     Divide  this  by   the  numbor  of   feot  ociual   t<^  ono  pound 
of  water  pressure.     One  pound  of  water  pressure  is  equal  to  2.31  feet.      In  other  words, 
if  a  system  is  45  feet  high,    the  necessary  pressure  can  be  determined  by  45  divided  by 
2.31  «  19.48  psig.     Therefore,   to  assure  water  at  the  highest  point  of  the  system,  u 
boiler  pressure  of   19.5  psig   is  necessary. 
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Figure  3-1.     Typical  Location  of  Pressure  Regulating  Valve 


Air  Bleed  Valves  (Air  vents) 

Inspection  of  air  bleed  valves  consist  of  visually  examining  for  signs  of  leakage  or 
checking  to  see  if  they  work  properly.     If  an  air  bleed  valve  falls,  replace  It. 


INSPECTION  AND  MAINTENANCE  PROCEDURES  FOR  SPECIAL  PLOW  FITTINGS 

^  Inspection 

Inspection  of  special   flow  fittings  is  accomplished  by  mejisuring  the  temperature 
drop  of  the  water  through  the  consumer.     If  there  is  a  noticeable  decrease  in 
temperature  from  the  rest  of  the  consumers  it  indicates  a  possibly  defective  flow 
fitting. 

Maintenance 

In  order  to  perform  maintenance  of  a  special  flow  fitting  the  piping  system  must  be 
dissassembled .     Once  apart,   inspect  for  scale,  corrosion  or  mission  "scoop".     If  scale 
has  built  up  on  the  fitting,  clean  and  replace.     If  it  is  corroding  or  worn  away  it  must 
be  replaced  - 


PROCEDURES  USED  TO  BALANCE  SYSTEM 

System  Balancing 

To  determine  whether  hot  water  systems  require  balancing,  measure  the  space  tempera 
turos  with  room  thermometers,   or  determine  the  water  temperature  drops  through  heating 
unit  zones  with  thermometers  installed  in  the  piping,  or  with  surface  contact  thermo- 
meters.     If   the  temperature  drop  method  is  used,   the  capacity  of  the  heating  units 
should  be  adequately  matched  to  the  heat  load  demand.     To  adjust  the  heat  distribution 
nf  a  hot  water  heating  system,   proceed  as  follows: 

  Prepare  a  worksheet  to  record  all  pertinent  information,   such  as  building 

description,  zone,  date,  equipment  data,  periodic  readings,  spaca  temperature 
readings,   and  the  supply  and  return  temperature  of  heating  units  or  zones. 
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  To  eliminate  outside  Influence »  balance  the  system  on  an  overcast  day  or  at 

night  when  heat-gain  conditions  are  minimum.     However,   the  outsldo  temperature 
should  be  low  enough  to  require  at  least  50  percent  of  the  system's  heating 
capacity  to  maintain  the  desired  Inside  temperature. 

  Place  the  system  in  service • 

  Open  all  valves,  adjusting  elements,  dampers  for  the  regulation  of  air 

circulation,  and  other  such  items. 

  Make  sure  that  no  automatic  devices  that  control  the  flow  of  water  or  the 

capacity  of  any  unit  are  operating. 

  Close  all  doors,  or  connecting  openings  between  rooms. 

  Wait  for  the  system  to  reach  thermal  equilibrium;   then  take  a  complete  set  of 

temperature  readings  throughout  the  system .     (Thermal  equilibrium  is  obtained 
when  successive  temperature  readings  are  approximately  the  same*) 

  MP-ke  an  initial  adjustment  of  flow  control  devices  in  accordance  with  the 

registered  readings  obtained.     If  adjustment  is  by  space  temperature  readings, 
obtain  the  designed  Indoor  temperature.     If  the  water  temperature  drop  method  is 
used,  obtain  equal  temperature  drops  through  all  units  or  zones. 

  Take  a  new  set  of  temperature  readings  after  a  new  thermal  equilibrium  has 

been  established  throughout  the  building. 

  Continue  adjustments  of  flow  regulating  devices  until  the  desired  conditions 

are  obtained. 

  When  the  system  has  been  satisfactorily  adjusted,  mark  the  position  of  each 

of  the  flow-regulating  devices  (flow  cocks,   valves,   and  other  devices).     Then,  If 
the  jposltlon  of  the  flow-control  fittings  is  disturbed  later  by  accident  or 
during  emergency  operations,   rhe  proper  flow  to  heating  units  can  be 
reestablished . 


INSPKCTING  BOILERS  FOR  LKAKS,   CORROSION  AND  SCALE 

Once  a  year  a  hot  water  boiler  should  be  opened  up  and  Inspected  for  signs  of  leaks, 
corrosion  and  scale. 

Leaks  in  a  hot  water  boiler  are  usually  easy  to  spot.     If  they  are  on  the  external 
surfaces  they  will  show  up  as  scale  buildup  where  the  water  is  coming  out  (much  like  wax 
dripping  off  a  candle).     Usually  leaks  occur  where  there  are  joints,   such  as  at  threaded 
connections  or  flanges. 

If  these  leaks  have  been  going  on  for  a  period  of  time  the  water  coming  through  will 
corrode  the  pipe.     When  this  happens,   the  pipe  or  fitting  must  be  replaced. 


SUMMARY 

In  order  to  troubleshoot  a  hot  water  heating  system  you  must  first  break  it  down 
into  three  areas.   They  are  the  fireside,  waterside  and  system. 

When  looking  at  t.he  f treeiue  you  .^re  checking  the  area  where  the  fuel  is  burned  to 
produce  heat.     Start  :!.ir3t  by  looklog  at  the  type  of  fuel  you  are  burning  such  as;  coal, 
oil  or  gas.     This  is    ^P'^e<si\ry  because  each  will  have  different  troubles. 

Next,   you  must  chec'i  the  watc':^raide .     This  is  the  part  where  the  water  is  stored. 
Some  of  the  things  that  cc:<rla  cause  t?*oubles  are  tube  failures,  valves  (open  or  closed), 
leaks  (internal  ard  ex'  tfr-^al) .   a*>d  pa:v^ps. 

Last  you  would  Uu^e         troubleshoot  the  system.     This  includes  the  piping  and  its 
accessories.     Probably  the  blsgcst  problem  with  the  system  is  loss  of  system  pressure. 
Without  the  proper  prossare  ^.le  hl^^hest  consumers  might  not  get  heated. 
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As  with  any  system  you  must  periodically  check  the  components  to  make  sure  they  are 
working  properly.     You  should  check  the  aquastat,  pressure  regulator,  air  bleed  valves, 
and  special  flow  fittings.      If  they  are  all  working  proper ly  then  you  must  balance  the 
system  to  make  sure  you  are  getting  even  heat  distribution. 

QUESTIONS 

!•     What  aroafs  is  troubleshooting  a  hot  water  Veating  system  broken  down  to? 


2.     When  replacing  a  pump  motor,  what  should  you  check? 


3.     An  aquastat  fails  to  maintain  the  proper  temperature,   what  should  you  do? 


What  should  you  check  bofore  attempting  to  service  or  repair  a  pressure  regulator? 


RKFERKNCK 


AFM  85-12,   Volume  I,   Operation  and  Maintenance  of  Central  Heating  Plants  and 

Distribution  Sy stems 

AFM  85-12,   Volume  II,   Operation  and  Maintenance  of  Space  Heating  Equipment  and 

Process  Heat  Utll izatlon 
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OPERATION  AND  MAINTENANCE  OF  HOT  WATER  SYSTEMS 

OBJECTIVES 

Using  Information  given,   remove  a  boiler  from  service,  drain,  tlush  and  fill  boiler 
with  instructor  assistance. 

Using  information  given,   inspect  boiler  for  leaks,   inspect  and  replace  aquastats, 
and  maintain  pressure  regulators  with  instructor  assistance. 

Using  Information  given,   inspect  for  corrosion  and  scale  and  trouiblosboot  hot  water 
heating  system  with  instructor  assistance. 


INTRODUCTION 

The  Information  required  for  this  unit  of  instruction  has  been  covered  in  the 
previous  three  units.     The  procedures  and  instructions  required  in  this  unit  are 
contained  in  workbook  J3ABR54532  OOl-V-4,  Operation  and  Maintenance  of  Hot  later 

Systems . 


INFORMATION 

See  SGs  V-1,  V-2,  V-3  for  this  information.     The  workbook  will  be  used  In  this  unit. 
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SOLDERING  AND  WELDING 

OBJ KCT IVES 

Given  information,   explain  basic  facts  about  the  types  and  sizes  of  copper  tube  and 
fittings  by  correctly  answering  80%  of  questions. 

Given  handtools,   copper  tubing  kit,   copper  tubing  and  instructions,  measure,  cut, 
bond,   swage,  and   flare  the  copper  tubing  with  a  maximum  of  two  instructor  assists. 

Given  hand  too  Is,   sandpaper,   steclwool,   hydrocarbon  torch  and  assortment  of  fittings, 
uscf  proper  techniques  to  soft  solder  two  copper  tubing  joints  with  a  maximum  of  two 
instructor  assists. 

Given  information.   Identify  the  theory  of  oxyacetylene  welding  and  related  equip- 
ment by  answering  80%  of   the  questions* 

Given  handtools,   copper  tubing,   oxyacetylene  equipment,   sil-pbos  and  flux,  use 
proper  techniques  to  hard  solder  two  copper  tubing  joints  with  a  maximum  of  two 
instructor  assists. 

Given  handtools,  metal,  oxyacetylene  equipment,  and  sandpaper,   use  proper  techniques 
to  weld  two  pieces  of  metal  together  with  at   least  80%  weld  penetration  with  a  maximum 
of  two  instructor  assists. 


INTRODUCTION 

The  use  of  copper  tubing  has  become  very  popular  and  is  quite  rapidly  replacing  iron 
pipe  in  modern  heating  installations.     Due  to  its  light  weight,   the  tubing  Is  easily 
transported  and  can  be  quickly  Installed.     The  J'.ints  are  quick  and  easy  to  make  and  are 
as  permanent  as  the  tubing  itself.     All  pipes  do  not  offer  the  same  rosiatanco  to  the 
flow  of  liquid  going  through  them  nor  are  1   ey  subject  to  the  same  amount  of  corrosion. 
Copper  tubing  has  the  least  resistance  to  liquid  flow  or  corrosion  and  will  last  longer 
than  steel  or  iron  pipe.     Since  the  flow  of   liquids  is  comparatively  free,  copper  tubing 
can  be  smaller  than  iron  pipe  and  still  deliver  an  equal  amount  of  liquid  to  the  point 
of  discharge. 

Copper  tubing  Is  also  recommended  for  a  wide  range  of  domestic,   commercial , 
industrial  and  special  purpose  Instal lat Ions •     They  are  economical  because  of  their  long 
life,    low  friction  loss  to  liquid   flow  and  high  tensile  strength    .o  withstand  pressure 
or  stress.     They  are  also  easy  to  join  together  by  using  flared  connections  or  by  soft 
soldering.     While  this  Information   Is  very  true,   the  Initial  cost  Is  high  and  for  that 
reason  It  is  not  used  for  general   purposes.     Some  of  the  most  Important  information  on 
thv  use  of  copper  tubing  in  heating  systems  Is  presented  In  the  following  main  headings 
of  this  text. 

  Types  of  Copper  Tubing  and  Fittings 

  Bending,   Flaring  and  Swaging 

  Types  of  Solder 

  Operation  of  the  Hydrocarbon  Torch 

  Procedures  for  Soldering 


Welding  or  brazing  two  pieces  of  metal  together  into  one  piece  is  bc?comini;  popular, 
when  the  parts  are  to  be  more  or   less  a  permanent  Installation.     Some  of   the  most  impor 
tant  information  on  the  use  of  welding  or  brazing  equipment  in  heating  systems  is 
presented  under  the  following  main  headings. 

  Oxyacetylene  Combustion 

  Oxyace ty lone  Equipment 

  Safety  Precautions  When  Using  Oxyacetylene  Equipment 

  Procedures  for  Silver  Soldering 

  Procedures  for  Welding 

INFORMATION 

TYPES  OF  COPPER  TUBING  AND  FITTINGS 

Identification  of  Copper  Tubing 

There  are  four  main  types  of  copper  tubing  and  pipe;   they  are  K,   L,  M  and  DWV.  The 
classification  is  determined  by  wall  thickness*     Copper  pipe  or  tubing  is  measured  by 
outside  diameter  (OD). 

TYPE  K.     A  green  color  band,   in  addition  to  stencil  on  the  pipe  surface,  identifie 
the  pipe  as  type  K.      It  is  recommended  fr^r  underground  installation  and  high  pressure. 
Type  K  is  available  in  a  variety  of  sizes  ranging  from  1/4"  to  12"  in  diameter  and  has 
the  thickest  wall  of  the  four  types. 

TYPE  L.     A  blue  color  band  identifies  this  copper  tubing.      It  has  a  medium  wall 
thickness  and  is  recommended  for  interior  use.     Type  L  is  also  available  in  1/4"  to  12" 
diameters . 

TYPE  M.     Type  M  has  a  light  wall  thickenss  and  is  used  in  low-pressure 
installations.     It  is  color-coded  red  in  the  copper  color  code  system*     Type  M  is 
available  in  stzes  1/4"  through  6"  in  diameter. 

TYPE  DWV  (DRAIN,  WASTE  AND  VENT).  The  thinnest  wall  of  all  types  of  copper  tubing 
is  classified  as  DWV.  It  is  used  in  non-pressure  applications  and  is  distinguished  by 
yellow  band.     This  material   is  available  in  siises  1/4"  to  6"  in  diamter. 

Copper  pipe  and  tubing  may  be  obtained  either  in  hard  drawn  (hard  temper)  or 
annealed  (soft  temper). 

The  hard-drawn  copper  (K,  L  and  M)   is  available  in  20-foot   lengths*  Annealed 
copper,   including  K,   L  and  DWV,   is  available  in  rolls. 

Copper  Fittings 

There  are  two  types  of  screwed  copper  connections.     The  use  of  compression  ring 
(ferrule)  that  forms  a  seal  when  the  nut  is  tightened  is  one  example.     Other  types  of 
screw  fittings  for  copper  connections  are  the  flare  fittings,    illustrated  in  Figure  5-1 
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Figure  5-1.     Copper  Fittlrgs 
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Piguru  5-1.  Copper  Fittings  (Continued) 
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Figure  5-1.     Copper  Fittings  (Continued) 
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Figure  5-1  •     Copper  Fittlngf?  (Continued) 
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BENDING,    FLARING  AND  SWAGING 


Cut. ting  Copper  Tubing 

Coppor  tubing;  Is  moasnred  In  length  the  same  as  pipe:  ond-to-end  when  no  fittings 
are  used,  ond-to-con ter  when  one  fitting  is  used  and  cen ter-to-center  when  a  fitting  is 
used  on  both  ends. 

What  makes  this  connection  a  perfectly  airtight  and  watertight  Joint?     The  answer 
lies  in  the  correct  preparation  of  the  tubing.     To  prepare  the  watertight  Joint,  measure 
and  cut  the  tubing  to  length.     Allow  1/8  to  1/4  inch  for  loss  of  flare.     The  desired 
type  of  tool    for  cutting  the  tubing  is  a  tube  cutter,   see  Figure  5-2,   but  a  fine-toothed 
hacksaw  (32  teeth  to  an  inch)  may  be  used  if  a  properly  designed  Jig  is  available,  see 
Figure  5-3.     After  the  tubing  is  cut,   it  is  restored  to  its  original  inside  diameter  by 
using  the  reamer  attached  to  the  tube  cutter,   see  Figure  5-2,   for  a  half-round  file  if  a 
reamer  is  not  available.      If  there  are  any  rough  marks  or  scratches  on  the  outside  of 
the  tubing,   they  can  be  removed  with  steel  wool  or  emery  cloth. 


Figure  5-2.     Tube  Cutter  and  Reamer 

Preparing  of  the  flare  on  the  tubing  can  be  done  either  with  a  flare  block  or  with 
a  plug-type  flaring  tool.     Either  procedure  is  satisfactory  in  making  a  good  Joint. 

Ri-^nding  Copper  Tubing 

Copper  tubing  used   for   liquid   lines  is  soft  enough  to  be  formed   into  desired  bends 
where  it  is  necessary   to  change  direction  of  a   line.     Tf  care  is  taken  copper  tubing  may 
be  bent  by  hand,   but  the  slightest  excess  pressure  at  one  particular  point  will  result 
in  a  flattened  or  kinked  tube,   rendering  it  useless.     Hard  tubing  requirss  annealing 
(softening)  the  portions  to  be  bent.     This  can  be  done  by  heating  the  portion  of  tubing 
to  a  dull   red  with  a  blowtorch.     Applying  cold,   soaked  rags  to  the  heated  portion  helps 
annealing  and  cools  the  metal  quickly. 

BENDING  BLOCK.     One  method  used  in  bending  soft  copper  tubing  is  the  use  of  a 
h*?nding  block  of  correct  size.     The  block  is  mounted  on  a  table  or  other  solid  structure 
with  a  metal   loop  attached  to  the  edge  of  the  table.     The  end  of  the  tube  is  insc^rted  in 
th'*  loop,   and  using  both  hands,   the  tubing  is  gradually   formed  over  the  contour  of  the 
hlt>ck.      (See  Figure  5-4.) 
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Figure  5-4.      Bending  Tubing  Over  DlocU 

SAND  METflOI).     Often  kinking   Is  pre- 
vented when  bonding  soft  copper  tubing  by 
filling   trie   tubing  with  sand.      The  s;incl 
in  the  tubl ng  keeps  the  wal Is  from 
collapsing  during   the  bending   process . 
(See  Figure  5-6.)- 


SPRING  TUBE  BENDER 


Figure  5-7.     Bending  Tubing  Using  a 
Figure  5-6.     Bending  Tubing  Filled  with  Spring 
Sand 

SPRING  BENDER.     Still  another  method 
that  is  used  by  the  heating  specialist  to 
bend  soft  copper  tubing  without  buckling 
't  so  easily  is  to  place  the  correct  size 
flexible  bending  spring  over  the  tubing 
and  gradually  form  it.  with  the  thumbs  and 
at  the  same  time  pressing  the  tubing 
against  a  table  or  solid  flat  structure. 
(Se«  Figure  5-7.) 

MECHANICAL  TUBE  BENDER*     Mechanical  tube  benders  are  considered  the  most  practical 
way  to  bend  copper  tubing.     They  are  made  in  many  sizes  a,:d  designs.     Figure  38  illus- 
trates a  tube  bender  and  the  steps  used  in  bendinc   tubing.     When  placing  the  tubing  In 
the  bender »  raise  the  right  handle  of  the  bender  us  far  ac  it  -vill  go  so  that  it  rests 
in  a  horizontal  position*     Raise  the  clip  and  drop  the  tubing   in  the  space  between  the 
handle  slide  block  and  the  bending  form.     (Drop  clip  eve.-  th-i  tube  and  turn  handle  slide; 
bar  around  the  pin  and  press  to  the  right.)     Note  tha*:        -O  rark  on  bending   form  will 
line  up  with  the  mark  on  the  slide  bar.     Proceed  to  to  the  d;:if^Lr«?d  an^^le.  (See 

Figurii  5-8.  ) 
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Figure  5-8.     Bending  Copper  Tubing 


You  c.iin  hrt^^\  tubing  to  any 
bcMit  tube  I'rom  the  bender,  lift 
rairic?   thc»  clip,    and   remove  tube 

Expansion  Loops 


angle  up  to  180* 
the  handle  slide 
from  bender. 


with  this  tube  bender.  To  remove  the 
bar  back   to  i  ts  hori^'^ontal   pobi  tion , 


Kxpansiou   loops  are  needed  to  take 
up  shock   from  vibration  or  changes  of 
pressure  to  temperatures-     The   loops  can 
be  shaped  to  withstand  these  changes. 
Figure  39  shows  two  examples  of  expansion 
loops  made  by   tube  benders. 

Flaring  Copper  Tubing 

An  easy  and  sati  'factory  method  of 
joining  copper  tubing  is  done  by  flaring 
the  ends  of  the  tubing  and  pressing  the 
riared  end  against  the  tapered  surface  in 
llu^  fitting  and  then  screwing  the  flare 
nut  up  tight  over  the  end  of  the  fitting. 
(See  Figure  5-10.) 

An  advantage  of  this  type  fitting  is 
that  it  is  easily  disassembled,   that  is, 
by  UHing  the  correct  sls^e  wrench,  you 
simply  unscrew   the  flare  nut  tliat  makes 
up  the   flare-type  connection,   a  simpli- 
fi.si  operation  when  it  is  necessary  to 
make  repairs. 


Figun,'  5-9.      Expansion  Loops 


Annoa 1 Ing 


Hardened 
spilt  during 
is  not  as 
t  ubi  ng . 


tubing  has  a  tendency  to 
the  process  of   flaring  and 
easily  worked  as  annealed 


FLARE  NUT 


FLARED  TUBING 


Figure  5-10.      Flared  Tubing 
and  Fittings 


Before  hardened   tubing  can  be  satisfactorily  worked,    it  must  be  annealed. 
Annealing  is  the  process  of  softening,    in  which  the  tube  is  heated  to  a  dull  cherry  red 
and  cooled  naturally  by  air  or  in  water.     Copper  is   the  only  metal  that  can  be  softened 
by  cooling  in  water. 

When  annealing  copper  tubing,  it  should  be  remembered  that  its  melting  point  is 
approximately  1900*  to  1980*  F,  and  special  care  must  be  taken  when  heating  with  the 
oxyacotylene  torch  or  other  high  temperature. 

Rigidity  or  hardness  can  be  induced  in  the  copper  tubing  by  stretching  it,  with 
blocks  and   tackle  and  come-alongs. 
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Flaring  with  a  Flaro  Block 


To  prepare  the  flare  (see  Figure  5-11),    insert  the  end  of   the  tubing   Into  the* 
correct  size  hole  in  the  flaring  block  and  extend   the  end  oi   the  tubing  abovo  tlie  faoo 
of  the  block  double  the  wall  thickness  of  the  tubing*     (See  Figure  5-II).    This  allows 
enough  tubing  to  spread  over  the  surface  of  the  taper  on  the  fitting.     The  clamp  is  thtMi 
attached  to  the  flaring  block  and  the  cone  is  centered  over  the  end  of   tUo  tubing.  The 
cone  is  then  screwed  into  the,  center  of  the  tubing  by  rotating  the  handle  on  the  clamp 
clockwise.     (See  Figure  5-11.)     The  tubing  is  then  expanded  just  enough  to   fit  into  the 
flare  nut  and  over  the  end  of  the  fitting. 


T-MANDU  HARINO  rACI 


Figure  5-11.     Flaring  Tool 


Swaging  Copper  Tubing 

Swaging  is  the  process  by  which  the 
end  of  the  one  piece  of  tubing  is 
stretched  or  expanded  in  order  that  the 
end  of  another  piece  of  tubing  of  the 
f^ame  size  will  fit  into  it,   see  Figure 
5-12.     The  joint  will   then  bo  sealed  by 
soldering  or  brazing.    I3y  swaging   the  use 
of  a  fitting  is  cliratnated. 

Swaging  can  be  used  in  close  places 
where  there  is  not  room  for  fittings.  A 
good  swage  connection  will  reduce  the 
possibilities  of  leaks. 

Two  types  of  swaging  kits  that  we 
will  discuss  here  are  the  standard  and 
the  universal  swaging  kits. 


Figure  5-12.  Swaging 


The  standard  swaging  kit  consists  of 
a  swaging  punch  and  a  swaging  block,  as 
illustrated  in  Figure  5-13.     The  swaging 
punch  has  a  small   portion  (called  a 
pilot)  which  fits  easily   into  the  inside 
of  the  tubing,   and  a   tapered     ead  which 
connects  this  pilot  with  an  enlarged 
portion  which  is  slightly  larger  than  the 
outside  diameter  of  the  tube* 

Swaging  with  the  standard  kit  should 
be  accomplished  as  follows: 


Use  backside  of  block 
(side  opposite  bevel ) . 

Clamp  tube  into  proper  size 
hole  in  block. 

Extend  tube  above  block  a 
distance  equal  to  the  distance 
from  the  bottom  of  the  swaging 
punch   to  the  top  of   the  bevel. 

Hold  block  firmly  in  hand. 


Figure  5-18.     Standard  Swaging  Kit 
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  Using  a  hammer,  drive  the  swaging  punch  into  the  tube  (swaging  punch 

should  b«j  turned  slightly  after  each  stroke. 

Thci  universal  swaging  kit  consists  of  a  conventional    flaring  block,   swaging  spreader 
and  yoke.     (See  Figure  5-14).     Swaging  with  universal  kit  should  be  accomplished  as 
fol lows : 

  Place  tubing  in  conventional  flaring  block  and  extend  above  the  face  of 

the  flaring  block  approximately  1/8**  more  than  the  diameter  of  the  tube  you 
are  swaging.       (Example:     3/8*'  tubing  +  1/8*'  =  4/8"  or  1/2") 

  Tighten  the  flaring  block  down  to  prevent  tubing  from  slipping.  (Slippage 

will  cause  damage  to  tubing  and  swaging  spreader.) 

  Select  the  proper  sized  swaging  spreader  and  screw  into  the  yoke  screw. 

(Kxample:     3/8"  swaging  spreader  for  3/8"  tubing) 

NOTK:     The  small  spreader  takes  care  of  three   (3)  sizes:   3/16",   1/4"  and  3/8" 
O.D.   tubing.     There  is  a  separate  spreader  for  every  other  size. 

  Slip  the  yoke  over  the  bar  and  turn  in  a  clockwise  direction  so  that  it 

hooks  the  bar. 

  Screw  the  spreader  into  the  tubing   (making  sure  to  center  it)  until  it 

gets  to  the  point  where  the  top  of  the  upper  shoulder  on  the  spreader  is 
bearing  on  the  tube. 

  Hold  the  yoke  so  it  will  not  twist  off  the  bar  as  you  unscrew  the  spreader 

from  the  tube. 


Figure  5-14 .     Universal   Swagi ng  Ki  t 

The  completed  swage  will   have  an  inside  diameter  slightly   larger  than  the  original 
(lutslde  <ilameter  of  the  tube  and  should  always  have  a  depth  at  least  equal  to  the 
original   outside  diameter. 

A  swage  should  not  be  made  within  one  inch  of  the  point  where  a  flare  or  a  bend  is 
to  be  located.     The  swaged  portion  of  the  tubing  will  have  a  double  thickness,  making  it 
very  difficult  to  bend.     In  flaring,   it  may  be  impossible  to  slip  the  flare  nut  back  far 
enough  on  the  tube  to  properly  clamp  the  tube  into  the  flaring  block. 
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After  the  swage  is  completed ,   t^ie  next  step  is  to  clean  the  tubinj;  with  sand  pap<»r, 
steel  wool  or  other  matei'al. 


After  cleaning,   a  thin  unifv3»'m  carting  of  noncorroRlve  soldering  flux  sliodld  bt^ 
applied  to  the  tube  with  a  brush  or  paddle*     Flux  should  not  be  applied  with   rin»^c»rs  dp 
any  oily  subjec*  •     If  the  flux  Is  applied  too  thickly,   the  excess  flux  may   form  bubbles 
when  heated  and  prevent  the  solder  f'  jm  flowing  into  the  joint.     Do  ni>t  dip  tube  Intt) 
flux. 

A  noncorrosive  flux  is  an  anti --^xidizi  nf  agent  and  can  only  keep  tho  metal  clean 
once  It  has  been  cleaned  mechanical  .  •  A  corrosive  flux  must  not  be  used  In  heating 
systems  work,  as  it  corrodes  the  mett.l. 

A  very  important  step  in  good  solJeiin^*  is  that  the  materials  being  joined  must  bt» 
hot  enough  to  melt  the  solder.     Thi€  is  the  only  way  that  solder  will   flow  Into  the 
pores  of  the  metal.     After  applying  the  heat,   touch  the  sold   r   to  the  motal   to  bo 
soldered.      If  the  metal   Is  clean,   fluxed  and  of  the  correct   temperature,    the  solder  will 
flow  in  to  the  pores  of  the  metals  to  be  joined  by  capillary  attraction.     If  the  soltler 
is  heated  with  the  torch,  a  poor  connection  will  result. 

Connecting  Flared  Fittings 


After  you  have  f 
the  flare  nut  up  agai 
shown  in  Figure  5-15. 
your  wrenches  fit  snu 
mar  or  scar  the  fitti 
tightening  the  fittin 
of  lubricant  that  hel 
properly  flared  coppe 


lared  the  tubing,  putting  the  joint  together  is  very  simple.  Slip 
nst  the  flare  and  then  screw  the  nut  into  the  flare  fitting,  as 

Use  two  wrenches  to  tighten  or  loosen  the  joint.     Make  sure  that 
gly,   to  avoid  damaging  the  fittings.     Do  not  use  tools  that  will 
ngs.     It  is  not  necessary  to  exert  excessive  pressure  when 
gs  because  copper  and  brass  are  soft  and  contains  a  certain 
ps  to  seal   them  with  a  minimum  amount  of  pressure  applied, 
r  connection  will  withstand  up  to  3000  psi   (Figure  5-15). 


amount 
A 


A  cross  section  view  of  a  flared  fitting  is  shown   in  Figure  5-16. 


FuARE  NUT 


FITTING 


FLARED  COPPER  TUBE 


Figure  5-15.     Parts  and  Assembled  Joint 


Figure  5-16. 


Cross  Section  of 
Flared  Fitting 


When  you  install  a  piping  system,  using  copper  tube,   there  are  many  different  types 
of  flare  fittings  to  choose  from.     You  ^ay  select  any  combination  that   fits  the  job. 
Figure  5-1  shows  some  copper  fittings  that  are  available  to  you. 

Types  of  Solder 

The  heating  specialist  many  times  finds  himself  in  a  situation  whore  two  sections  of 
copper  tubing  must  be  joined  and  there  is  not  enough  room  to  employ  a  flaring  tool. 
This  si'^uatlon  Is  where  the  soldering  method  of  Joint  copper  tubing  should  bo  used. 

Soft  Solder.     One  type  of  soft  solder  that  is  used  on  most  soldering  projects  by  th<» 
heating  specialist  is  known  as  half  and  half.      It  is  made  v'i  th  equal  weights  of   tin  mvi 
lead  (50/50).     This  solder  melts  at  a  proximately  360'   P  and  is   free   flowing  m  round 
415*   F.     Soft  solder  is  uscul  on   low  pressure  systems. 
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It  takos  considerablo  time  and  practice  to  become  comp'^tont   In  soldering- 
?old<>rinr  is  tho  process  oT  applying  a  molton  metal  to  hot  metals  that  are  not  molten, 
rho  hot  solder  flows  into  the  porer.  of  the  metals  being  joined  and  as  it  changes  state 
:rom  a  liquid  back  to  a  solid,  a  strong  joint  is  obtained. 

To  solder  satisfactorily,   the  surfaces  to  be  soldered  must  be  very  clean  and  must 
-emain  clean  throughout  the  soldering  process.     Also,   a  sufficient  quantity  of  heat  must 
DO  used. 

Tn  soldering  copper  tubing,   the  outside  surfac<^  of  the  tube  and  the  inside  surface 
,r   the   fitting  sliould  be  cleaned  until   the  metal   l6  bright.     There  should  be  no 
ils(u>loration.  grease,  dirt  or  oxides  remaining  on  the  surface  to  be  soldered.  The 
cleaning  method  most  generally  us is  to  clean  the  inside  and  outside  surfaces  with 
^teel  wool  or  sandscreen. 


Hydrocarbon  Torch  (Air-Acetylene  Torch) 

A  high  temperature  concentrated  flame 
that  will  quickly  bring  the  fitting  to 
the  melting  point  of  solder  is  the  only 
heat  that  is  necessary   for  "sweating" 
fittings  on  copper  tubing.        If  it  is  at 
all   possible,  an  n i r-acety lene  torch, 
like  the  one  illustrated   in  Figure  5-17, 
should  be  used.     This  type  of  torch 
consists  of  a  small  portable  cylinder  of 
acetylene  gas,   a  regulator,   hose  and 
torch.     The  air-acetylene  torch  is  very 
efficient  and  produces  a  good  flame  for 
soldering.     The  acetylene  gas  mixes  with 
the  atmospheric  air  to  support  combustion 
and  produces  a  flame  up  to  4000*  F- 


OPER.\TION  OF  THE  HYDROCARBON  TORCH 

REGULATOR 


TANK  VALVE 


HOSE 


TORCH 
HANDLE 


Figure  5-17.       Hydrocarbon  Torch 


PROCEDURES  FOR  SOLDERING 

Sweat  soldering  is  a  method  of  joining  two  metals  together  by  allowing  molten 
solder  to  run  between  the  tubing  and  fittings.     The  law  of  capillary  attraction  governs 
the  force  responsible  for  the  bonding  in  solder  joints.     The  tubing  must  be  (1)  cut  to 
length,   (2)  reamed,    (3)  cleaned,   and  (4)  bent,    if  necessary,  before  you  are  ready  to 
solder  the  joint. 

Yorr  preparation  of  joints  for  soi't  soldering  must  be  thorough.     Metal  surfaces 
must  be  perfectly  clean  at  the  joint  to  obtain  a  good  bond  between  the  base  metal  and 
the  solder.     You  must  remove  all  dirt,  grease,  oil,   paint,  etc.,  and  must  make  the  metal 
bright.     Clean  the  tubing  with  a  wire  brush,   file,   emery  cloth  or  steel  wool.     You  may 
also  use  chemical  cleaners.     Make  sure  that  the  parts  to  be  joined  fit  together  very 
closely.     The  only  additional  thing  that  you  need  to  make  the  Joint  is  a  thin  rilm  or 
free- flowing  solder . 


When  the 
f i  tting 
from  overhea 


the  fitting  and  tubing  are  ready  to  be  joined,  apply  heat  evenly 
Do  this  by  moving  the  flame  back  and  forth.  This  procedure  also 
eating  the  tube  and  fitting.     Why  is  this  important?     Because  if 


around  the 

CK  ana  lori^n.      inis  px  v-»i-;euux  *r  «,xoO  keeps  you 
from'overheatini "the  tube  and  fitting.     Why  is  this  important?     Because  if  the 
connection  is  overheated,   the  flux  may  burn  out,   causing  oxidation,   and  the  solder  will 
not  spread  evenly. 
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Also,  of  course,   an  overheated  joint  clauses  the  solder  to  seep  through  the  joint 
and   flow  away.     You  shoUld  therefore  occasionally  test  the  lieat  by  touching  the  fitting 
with  solder  where  the  tubing  and  fitting   join.     Normally,    thick  wall   fittings  require 
more  heat  than  thin  wall   fittings.     When  the  tube  and   fitting  melt  the  solder,  the 
sweating  may  begin. 

As  soon  as  the  connection   is  hot  enough  to  melt  the  solder,   remove  the  flame  and 
apply  the  solder  to  the  edge  of  the  fitting  where   it  comes   into  contact  with  the  tube. 
Solder,  when  confined  between  two  surfaces,   will  run  uphill  by  capillary  attraction. 
Joints  can  be  made  in  any  position. 

The  amount  of  solder  required  for  a  connection  depends  upon  the  diameter  of  th^i 
tube  to  be  sweated.     For   instance,    1/4-inch  of  solder  should  be  sufficient   to  solder  a 
joint  for  1/4-inch  tubing,    l/2-incyi  of  solder  for  1/2-inch  tubing,  etc. 

When  a  line  of  solder  shows  up  around  the  fitting  —  that  is,   a  beatl  of  solder 
appears   in  the  groove  at  the  end  of  the  fitting  —  the  joint  has  all  the  solder   it  will 
take.     When  you  apply  solder  to  a  tee,    feed  solder   from  both  ends  of  the  fitting. 
Reheat  the  fitting  slightly  to  help  the  solder  penetrate  into  the  metal.     Remove  the 
flame  and  continue  to  feed  the  solder  to  make  sure  the   joint   is  filled. 

Allow  the  joint  to  cool   for  a  short  while.     A  rag  or  wad  of  waste,    saturated  with 
water,   will  hasten  this  cooling.     When  you  cool  male  and   female  adapters »    allow  more 
time  for  the  solder  to  set,   because  these  fittings  are  heavier,    they  hold  heat  longer, 
and  they  do  not  cool  as  quickly. 

When  unsoldering  a  tube  from  a  fitting  on  which  other  soldered  conenctions  are  to 
be  left  intact,   make  sure  that  you  will  not  melt  the  solder  in  the  other  connect ion'i . 
Keep  the  connections  that  are  to  be  left  intact  cool  by  applying  damp  cloths  to  them. 
You  may  also  use  damp  cloths  to  protect  valves  and  other  units   from  the   intense  heat. 
Make  a  shield  from  a  sheet  of  asbestos  paper  and  slip  it  over  the  tubing   to  protect 
combustible  materials  or  a   fleunmable  wall  while  you  are  soldering. 

Oxyacetylene  Combust  ion 

The  flame  of  a  hydrocarbon  torch  will  not  heat  the  base  metal  hot  enough  for  some 
solder  1        jobs.     Therefore,   when  silver  soldering,    it  is  usually  best  to  use  an  oxya- 
cetyleu,    flame*     The  oxyacetylene  flame  is  derived  from  burning  pure  acetylene  in  the 
presence  of  oxygen.     By  using  oxygen  and  acetylene,    it  is  x>ossible  to  obtain  a  flame  hot 
enough  to  melt  all  commercial  metals. 

Oxygen 

Oxygen  is  a  very  common  element  and  one  we  come  in  contact  with  daily.  For 
example,   water  is  about  88  percent  oxygen,   the  air  we  breath  is  approximately  21  percent 
oxygen,   and  the  earth  is  composed  largely  of  oxides  which  are  compounds  of  oxygen.  Most 
of  oxygan  that  is  used  commercial  is  obtained  from  the  air.     This  is  accomplished  by 
freezing  the  air  at  -317**  P.   which  separates  the  oxygen  from  the  nitrogen  and  otlier 
gases • 

Although  oxygen  will  not  burn,   it  supports  combustion  very  actively,   more  so  than 
air.     This  characteristic  of  oxygen  makes  it  desirable  to  use  with  acetylene  for 
soldering  and  welding. 

Acetylene 

Acetylene  is  the  fuel  gas  of  tnr  oxyacetylene  flame.     It  is  produced  by  dissolving 
calcium  carbide  in  water.     Calcium  carbide  is  made  by  fusing  limestone  and  coke   in  an 
electric  furnace. 

Acetylene  is  not  an  ordinary  gas.     It  has  characteristics  peculiar  in  itself. 

It  contains  about  93  percent  carbon  and  about  7  percent  hydrogen.     When  l>urued  in 
the  presence  of  pure  oxygen,    it  burns  at  a  temperature  of  6000*  F.     Acetylene  not  only 
develops  a  large  amount  of  heat,   but  also  releases  the  heat  units  so  rapidly  that  the 
highest  temperature  of  the  flame  is  produced  almost  instantly.     At  pressures  greater 
than  15  psi,   acetylene  is  unstable  and  may  split  up  or  disassociate.     When  pressure 
causes  the  gas  to  split  up  or  decompose,   this  disturbance  of  the  molecules   release  heat 
until  an  explosion  of  the  gas  is  produced. 
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It  requiros  two  and  one-half   (2-1/2)  parts  of  oxygen  to  consume  completely  one  (1) 
part  of  acetylene*     It  is  not  necessary,   however,   to  supply  all  this  oxygen  through  the 
torcli,   because  a  portion  of   the  oxygen  is  derived   from  the  air  surrounding  the  flame* 
Tlio  torch  is  designed   to  supply  one   (1)  part  of  oxygen  to  every  part  of  acetylene  that 
passes  through  it* 


ROTATE  TO  DISTRIBUTE  FLUX  EVENLY 


Figure  5-18.     Procedures  for  Soldering 
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Types  of  Flames 

Th<-  oxyacH-ty  lone  torch  will   produce  three  different  typos  uf   flames.     The  heating 
sruM-iallst  should  be  able  to  identify  each  of  these  flames  and  be  able  to  adjust  the 
rei;ulators  and  torch  to  produce  the  type  of  flame  required  for  each  application. 


NEUTRAL  FLAME.  When  the 
oxygen  and  acetylene  are 
equally  mixed,  a  neutral 
flame  results  (see  Figure 
5-19).  A  neutral  flame  is 
usually  used  for  welding 
and  cutting. 


Figure  5-19.     Neutral  Flame 


CAKBUKIZING   FLAME.  The 
carburizing  or  excess 
acetylene  flame   (Figure  5-20) 
contains  excess  carbon. 
This    flamo   Is  usually  used 
for  Uoating  metal  for 
solderint;  and  brazing. 


•  rb«riii«|t 
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Figure  5-20.     Carburlzint  Flame 


OXIDIZING  FLAME.  The 
oxidizing  flame   (Figure  5-21) 
results  from  an  excess  of 
oxygen.     We  never  ^se  the 
oxidizing  flame  in  heating. 
It   is  sometimes  used  by 
welders  to  melt  rivets. 


0«»4iii»f  fl» 
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Figures  5-21.     Oxidizing  Flame 
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OXYACETYLENR  EQUIPMENT 


The  major  Items  of  the  oxyacetylene  <?quipinent  ijse<l  In  soUierini?  n  rt»  oxy^jen 
acetylene  cyllnd*?rs,  oxygon  and  acetylene  regulators,  KJiUfr<*s,  liosos  and  torchi^s 
Figure  5~22).  Knowled^^e  of  all  these  items  will  aid  you  in  becoming  not  only  a 
mechanic,   but  a  safe  one  as  well. 

/ 


Red  lluse 


and 


A 

B 
C 
D 


Acetylene  C/linder  Valve  Wrench  E  - 

Torch   Tip  F  - 

Regulator  Adjusting  Screw  6  - 

Cylinder  Pressure   Gauges  II  - 


Oxyi^en  Needle  Valve 
Oxygen  Cylinder  Hand  Valve 
Regulator  Outlet   Pressure  Gauge 
Acetylene  Needle  Valve 


Fif^iire  h~22.      Identifying  Acetylene  Eauipment 


Oxygen  Cylinders 

Oxygen   is  stored   in  cylinders  of  seamless  steel  made  to  withstand  higli  pressur . 
The  initial   charging   pressure  of   those  cylinders  a.t   the  plant   is  2200  pounds   p»>r  s(iuare 
inch  at  70*   F.      Oxygen,    like  other  ^ases,   expands  as   it  becomes  heated.  Oxygon 
cylinders  have  a  bursting  dt.sc  on  the  cylinder  valve  that  v»lll   burst,   tshould  the 
pressure   in  the  cylinder  become   too  hi^b. 

Acety  lene  Cy  Under s 

There  are  several   types  of  acetylene  cylinders  on   the  market.     All   are  madr^  in 
accordance  with  specifications  set  up  by   the   Interstate  Commerce  Commision.  The 
acetylene  cylinder   is  filled  with  porous  material   such  as   limestone,    coral   rock,  or 
cellulose,   which  absorbs  acetone.      Acetone,    in  turn,   has   the  property  of  absorbing  many 
times  its  own  volume  of  acetylene  gas,    thus  the  acetylene   is  not  a  free  stat<»  and  is 
known  as  dissolved  acetylene.     Under  such  conditions,   acetylene  can  safely  be  compress<Mi 
to  a  pressure  of  250  psi  at  70*   F.     Acetylene  cylinders  have  fusible  plugs  which  melt 
when  pressure  and  temperature  become  too  high. 

Oxygen  and  Acetylene  Regulators 

The  primary   purpose  of    the  regulators   is   to   reduce  the  high  pressur«»  of   the  gases  in 
the  cylinders   to  the  desired  working   pressure  at   the   torch.      Regulators  also  perform  th;^ 
function  oT  maintaining  a  i!onstant   pressurri   in  order   that   the   flame  may   h.>  pc^rfi>ctly 
steady  and  uniform. 

Most  regulators  are  either  of   the  single-stage  type  or  the   two-stage  type. 
Single-stage   regulators  reduce  the  pressure   in  one  step  or  stage,   while   thr^  two-stage 
regulators  perform  this  same  work   in   two  steps  or  stages.     Less  adjustment   is  j^enerally 
necessary  when  the  cylinders  are  being  used  with  two-stage  regulators. 

Regulators  should  always  be   turned  off  before   turning  on  high-pressure  gas<?s  to 
protect  the  regulator  valve  seats. 
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GauRos  are  parts  of   tho  regulator  assembly.     There  is  one  high-pr esi^ure  and  one 
low-pressure  ji^auge   Cor  each  assembly   (See  Figure  5-22).     Th»»  high-pressure  gauge  shows 
the  pressure  of   the?  oxygen  or  acetylene  in  the  cylinder.     The  low-pressure  gauge 
indicates  the  working  pressure  at  the  torch. 

llosos 

Th(^  hoses  that  connect   the  regulator  to  the  torch  are  b-ailt  to  withstan^^  Internal 
pressure.     The  red  hose  has  left-hand  threads  and   Is  connected  to  the  acetylene 
r<»o:ulator.     The*  green  hose  or  black  hose  has  right-hand  threads  and  is  connected   to  the 
oxygc»n  rogul  ator  . 

Torches 

The  torch  is  the  unit  used  to  mix  the  oxygen  and  acetylene  in  the  correct  oropor-- 
tions  and   to  help  control   the  voTume  of  these  gases  burned  at  the  tip.     The  torch 
handles  arc?  designed  with  two  ne<.   le  valves,   one  for  adjusting  iiir         w  of  acetylene  and 
th<i  other    for  adjusting   the  flow  of  oxygen. 

Thc»ro  lire   two  general   types  of  torches,   the   low  prevS3ure  or  injector   type  and  the 
mediun  or  balanced  pressure   tyjo.      In  the  low  pressure  type,    the  acetylene  may  be  used 
:i  t   less  than    1  psi. 

There  are   two  general   types  of  torches,    the  low  pressure  or   injector   type  and  the 
niedr.:ni  or  balanced  pressure   type.      In  the  low  pressure  type,    the  acetylene  may  be  used 
;it   less  than   1  psi. 

In  an  injector  type  torch,   a  jet  of  high  pressure  oxygen  is  necessary   to  produce  a 
suction  effect  which  draws  in  the  required  amount  of  acetylene.     This  is  illustrated  iii 
Figure  5-23.      In  the  medium  pressure  torch   Illustrated  in  Figure  5-24,   the  acetylene  is 
operated  at  from  1  to  15  psi.     These  torches  are  designed  to  operate  at  equal  pressures 
of  acetylene  and  oxygen.     You  will  use  this  type  of  torch  in  this  course. 


CODE 


Blowpip*  Handle 


Figure  5-23.     Low-Pressure  or   Injector-Type  Tor , 


Oiygvn 


Figure  5-24.     Medium  or   Balanced  Type  Torch 

Torch  Tips 

Various  bra/Anp  and   soldering  jobs  require  differences   in   tho  total   amount  and 
ooficon  tra  tion  of  heat.      To  obtain   this  difference,   most   torches  hvo  s<»voral    tips  of 
v.irLous  sii^A>s   that  can  he  exchanged  conveniently   and  quickly. 

The  torch  tip  sizes  are  designecj  by   numbers  and  each  manufacturer  has  his  own 
urrangoment   for  classifying  them.     The  manufacturer's  charts  should  be  used  when 
selecting',   tips   for  different  thicknesses  of  metal   to  be  soldered  or  brazed. 
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Proper  tip  sizes  and  working  pressures  for  the  ba lancnd-prussurc?  typo   torch  aro: 


TIP  S.iE  ACKTYLENE  PRESSURE  OXYGEN  PRESSUHK 

00  I  psi  1  psi 

0  1  psi  1  psi 

1  I  psi  1  psi 

2  2  psi  2  psi 

3  3  psi  3  psi 

4  4  psi  A  psi 

5  5  psi  5  psi 

6  6  psi  G  psi 


Torch  tips  are  marie  of  copper  alloy  and  are  made  so  that  they  seat  well  when 
tightened  hand-tight.     Torch  tips  should  not  bo  rubbed  across  abrasive   firebrick  or  used 
as  tongs  to  position  work.     When  torch  tips  become  clogged,   they  must  be  clcaru'd  with 
torch  tip  cleaners.     Care  should  be  exercised  in  cleaning  tips  so  that  the  orifices  ar»3 
not  enlarged.     A  partially  clogged  tip  can  cause  popping  of  the  torch. 

CAUTION:     Failure  to  tighten  the  tip  In  the  handle  or  a  scratched  seat  can  result 

^ {   fire.     (Darning  of  acetylene  where  tip  screws  into  handle).  A 

ihback  can  occur  when  there  is  not  enough  pres    »rp         keep  the  Clamo 
t.side  of  the  tip.     Burning  of  acetylene  insid  produc^^s  a  high 

pitch  noise. 

Inspection  and  Mainten  men 

Oxyacetylene  equipment  has  been  designed  to  operate  without  lubricants.  Visual 
inspections  for  wear,    leaks  and  malfunctions  should  be  made  each  time  the  equipment  is 
used.      It  is  most  important  that  equipment  be  kept  clean  at  all  times.     The  presence  of 
grease  or  oil  with  oxygen  under  pressure  will  cause  spontaneous  comburtion.      If  troublos 
do  appear  in  oxyacetylene  equipment,   consult  TO  34W4-1-5  for  corr(ictlve  measure  to  bt» 
take  n • 

SAFETY   PRECAUTIONS  WHEN  USING  OXYACETYLENE  EQUIPMENT 

An  important  thing  for  one  to  remember  when  performing  an  activity   Is  to  work 
SAFEtY.     The  oxyacetylene  equipment  is  not  hazardous,  but  It  must  be  remembered  that  tlie 
mechanic  is  working  with  gases  of  high  pressure  and  the  hotest   flame  known  to  man.  In 
view  of  this,   certain  precautions  are  necessary  for  safety.     The  following  are  precau- 
tions that  a  mechanic  should  know  so  well  that  they  become  automatic   in  his  actions. 

1.  NEVER  use  oil  on  oxyacetylene  equipment.     Oxygen  under  pressure   Is  likely  to  cause? 
an  explosion  if  it  comes  in  contact  with  oil  or  grease.     If  the  threads  of  a 
connection  will  not  work  smoothly,  merely  rub  the  lead  of  a  pencil  on  the  threads- 
Sufficient  graphite  will  be  deposited  to  provide  lubrication. 

2.  Wear  sui tables       othing.     Clothing  should  be  free  of  oil  and  grease       If  clothing  is 
of  the  typo   t n.      will   burn  readily,   use  a  leather  apron. 

3.  Call  oxygon  by  its  proper  name.     Do  not  refer  to  oxygen  as  air.  If  us(?d  In 
place  ot   compressed  air  on  oil  or  grease,   you  may  catise  an  explosion. 

4.  Do  not  refer  to  acetylene  as  gas.     Refer  to  it  as  acetylene. 

5.  Do  not   release  oxygen  or  acetylene  In  confined  spaces.     This  sets  up  not  only  a 
fire  hazard  but  an  explosive  hazard. 

6.  Wear  proper  goggles.     Adequate  eye  protection  should  be  afforded  at  all  times. 

?•       Do  not  use  acetylene  at  pressures  greater  than   15  psi.     Acetylene  gas,   dissolved  in 
acetone  and  contained  in  an  acetylene  cylinder,   tends  to  disintegrate  and  an 
explosion  may  result. 

8.       Use  a  friction  lighter  to  light  the  torch.     Although  the  torch  an  be  lit  with  a 
match,   serious  burns  can  result. 
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<).     IX>  not  u.s«'  cylindors   for  supports  or  forming  dies. 

10.  NKVKK  lay   the  torch  down  and  walk  off    leaving  It  burning. 

11.  \\y  tu>t  burn   t.ho  placo  down.      Torches   In  careless  hands  can   bo  da  nr/^*  rous .      IX)  not 
burn  your  hose  or  your  buddy.     Be  careful  and  use  common  sense  with  a  lighted 
torch . 

12.  l)o  not  work  on  containers  that  have  been  used  to  hold  gas  or  combustible  materials. 
If  It   Is  nectjssary   to  braze  a  container  that  has  contained  combustible  materials, 
steam-clean  it  thoroughly  and  drift  dry  nitrogen  through  It  during  the  brazing 
process . 

Do  not  store  oxygen  with  acetylene,   propane,   gasoline  or  other  fuels- 

14.  NKVKR  transfer  acetylene  from  one  cylinder  to  another. 

15.  If  you  should  start  a  fire,   shut  off  your  acetylene  cylinder  before  doing  anything 
else. 

\G.      Should  a    flashback  occur,    shut  off   the  acetylene,    relight  and,    if  necessary, 
lncrt»ase   the  oxygen  to  the  tip. 

17.  Wh(*n   not   In  use  all  caps  must   be  on   the  tank. 

18.  All  cylinders  will  be  stored  In  upright  position  and  chained. 


PROCEDURES  FOR  SILVER  SOLDERING 

Silver  soldering  Is  the  process  of  joining  metals  together  by   the  use  of  a  silver 
alloy  with  a  melting  temperature  between   1000^   to  1150*   F.     These  alloys  contain  around 
45  percent  silver. 

One  of   the  rjssentlals  of  a  sliver  soldered  joint   Is   that   thero  be  contact  between 
absolutely  clean  surfaces.     The  first  act  of  cleaning  may  be  done  with  a  scraper,  file, 
emery  cloth  or  steel  wool.     A  metal   that  has  been  cleaned   Imrnediatly  oxidizes  on 
exposure  to  air.     The  layer  of  oxide,    no  matter  how  thin,   will   not   form  an  alloy  with 
another  metal;    therefore,   soldering  cannot  be  performed   between  oxidized  surfaces. 
M(^wover,   a  certain  amount  of  oxidation  cannot  be  avoided;   for   this  reason,   fluxes  are 
usf'd   to  help   prevent  oxides   from  forming.      A  good  flux   Is  necessary  when  silver 
soldering.      Thtj    flux   is  needed   to  prevent  oxides  from  forming  on  hot  metals. 

Phos-copper         another  type  of  silver  alloy  and  may   be  used   to  join  copper  to 
copper  without  using   flux*     This  type  of  alloy  has   the  flux  or  cleaning  agent  built  Into 
the  rod.    It   is  an  advantage   to  use  no   flux  when   the  tubing  or   parts  are  joined   in  a 
system  which  should  be  kept  clean. 

PROCEDURES   FOR  WELDING 

Pr<'parr  Metal 

Sl^KCIFICATIONS 

 Reinforcement.     Should  be   1/16*'  minimum. 

  Bead   Width.      Should  encompass  the  beveled   area  not    to  exceed  1/16"  on 

either  side  of  the  bevel. 

  Appearance.     The  completed  specimen  must  be  of  uniform  quality;  the 

surface  area  will   not   be  overheated  or  appear   to  be  oxidized. 

NOTE:      Oxidized  areas  will   not  be  accepted. 

  Penetration.     75  to  100  percent. 

NOTE:      Your  metal  should   look  similar  to  Figure  5-25. 
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NOTIC:      Base  iw^tjils  €>no-elKhth   Inch   thick  or   lo,ss  do  fuit   require*  beveling. 


Figure  5-25.     Metal   Blocks  for  Welding 

A  small  puddle  should  be  formed  on  the  surface  when  making  a  bead  weld  with  a 
welding  rod.     The  welding  rod  is   Inserted   into  the  puddle  and   then   the  base  plate  and 
rod  are  melted   together.     The  torch  should  be  moved   slightly   from  side  to  side   to  obtain 
good  fusion.     By  varying   the  speed  of  welding  and   the  amount  of  metal  deposited   from  the 
welding  rod,    the  side  of  the  bead  weld  can  be  controlled  to  any  desired   limit  (See 
Figure  5-26). 
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Figure  5-26.      Forehand  Welding 

You  will  puddle  a   two-Inch  weld  bead.      After  successfully  compl(»l  tht;  pudd  1  i  ntx  , 

you  will  weld  a  bead  using  a  filler  rod. 

SPECIFICATIONS 

  No  burn-through  of  holes. 

  Penetration  75  percent. 

  Even   in  width  of   2  to  4  thicknesses. 

  Even   in  height. 


EKLC 


 Weld  must  be   free  of  Iron  oxide. 

Assemble  oxyacetylene  welding  equipment: 

  Select  tip  size. 

  Oxygon  pressure  15  psi. 

 Acetylene  pressure  f)  psi. 

Select  material: 

  Low  carbon  steel  plates. 

  Filler  rods. 

Select  welding  equipment: 
-  Pliers. 

  Brush* 

 Ijrniter. 

  Goggles. 

TAght  torch: 

  Use  igniter. 

  Adjust   to  neutral  flame. 

Position  metal  sheet  on  the  welding  table  so  that  it  will  be  easy  to  move  the  torch 
from  right  to  left. 

Hold  the  torch  in  a  comfortable,  balanced  position  in  tho  hand.  Point  the  flame  in 
the  direction  of  the  weld  at  about  4b  degrees. 

Begin  the  weld  at  the  right-hand  edge  of  the  metal.     Lower  the  torch  until  the 
inner  cone   is  about   1/8-inch  from  the  metal  surface. 

Keep  the   flame  moving  in  a  small  circle  until  a  pool  of  molten  metal   begins  to 
form.     When  the  puddle  becomes  about  1/4-inch  in  diameter,   begin  by  moving  it 
across  the  sheet  by   slowly  moving  the  torch   in  overlapping  circles. 

Slowly  work  the  puddle  along  the  surface  so  that  the  metal   in  front  of  the  puddle 
preheats  evenly.     Thjs  will  produce  a  weld  with  even  arc-shaped  ripple. 

Stop  the  weld  about   1/2-inch   from  the  edge  of  the  sheet. 

P'  1    f  ice  making  puddle  welds.     Keep  the  weld   the  same  diameter  and  as  straight  as 

I  -(^.^ire  outl  ned  above   for  p<»''r!     ag;   a  fille»        d   to  the  moltc  pool. 

.  (io  Ui  inside   flame  envelope. 
 Filler  rod  at  about  45  degrees. 

 Allow  rod   to  melt   in  the  molten  pool  adding  it  to  the  leading  edge  of  the 

mo 1  ten  pool . 

  Height  can  be  maintained  by   the  amount  of   filler  material. 

Kostor<^   the  welding  eciuipment   to    its  original  position. 
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CHARACTERISTICS  OF  GOOD  AND  BAD  WELDING  JOINTS 
Compare  your  weld  to  the  illustrations  and  determine  what   tmprovemont  could  be 


CHARACTERISTICS  OF  GOOD  AND   AD  WELDING  JOINTS 

Compare  your  weld  to  the  illustrations  and  determine  what  improvement  could 
be  made. 


CORRECT  WELD  CONTOUR 


<2 


D 


EXCESSIVE  REINFORCEMENT 


LACK  OF  PENHRATION 


] 


UNDERCUniNG  OR  ^/ALLEYS'* 


} 


VLi.^  irttTAL  iNO 


Figure  5-27 
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SUMMAilY 


Th<*  c?asc»  of  hundlLn^  and  hi\^h  lu>at  conductivity  makos  copper  tubing  highly 

fc^sl^abli-'   for  usv.»  in   refrigeration  systems.     Copper   tubini^   is  divided   into  five 
iVf<»rent  types;   however,   thcj  hcntinK  specialist  usually  usc^s  only   the  types   that  are 
for  heating  service. 

There  arc  two  main  types  of  fittin^-^s  used  in  heating  wi)rk.     These  are  the  fiJ^-  and 
swoat  typeu.     The  flare  type   is  used  wh     e  ther     may  bo  a  reason  for  opening  the  line  at 
some  future  date.     The  swe-^  ^   ♦  '       fitt         is  usually  cheaper  and  easier  to  install  so 
they  should  be  used  wh'>  .  ww^iible. 

In  the  heating  career  field  you,   as  a  mechanic,   will  have  many  opportunities  to 

repair   leaks  and   fabricate  tabe,   which  will   require  the  use  of  soldering  and  good 

welding  mi»thods.      Now  that  you  know  the  proper  methods   for  soldering  and  welding,  you 

can  api>ly  these  mc»thods  at  your  next  duty  station  and  can  assure  a  trouble-free  system. 

f 

i 

QUDSTION.S 

I.       When  is  a  flared  connection  considered   to  be  an  airtight  and  watertight 
connec  t  i  on? 


Which  method  of  bendint;  tubing  is  most  practical? 


3.       What  is  the  melting  point  of  copper  tubing? 


4.       How   far  above  tho  face  of  the   flaring  block  should  the  tubing  extend  when  making 
the  flare? 


f) .  Name   two  types  of  solder- 

6.  llow  many  parts  of   oxygiMi  are  required   to  consume  one  part  of  acetylene? 

7.  What  aro   *  '  -        I-   *    ^     et..    on3   .  lames  and  how  can  they  recognized? 

8.  What  temperature   Is  attainable  with  acetylene  flame? 

9.  Oxygen   is  stored   iii  c:yUnders  at  what  pressure? 

10.  Acetylene  is  stored   in  c^inders  at  what  pressure? 

11.  How  far  should   the  tubing  extend  out  of   flaring  block   to  get  a  good  swagr* 

TO  34W-4-1-5,   Welding         Theory  and  Application. 
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This  workbook  contains  practical  work  assignments  for  you  to 
accomplish  in  conjunction  with  your  study  assignments.  Complete 
each  problem  or  work  assignment  in  the  sequence  given  and  it  will 
aid  you  in  understanding  and  retaining  the  key  points  covered  in 
each  assignment. 
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^  OBJECTIVES 


WB  J3ABR54532  001-V-l 

HOT  WATKR  HRATING  AND  CONTROLS 


Uning   i..:ormatlon  given,    explain  t       principles  of  operation  of  low/medium 
teinperai  I       '  ot   w.itor  boilers  by  correctly    \riswering  20  out  of  20  questions, 

Usi       info'      ♦  ic^,   tvLven,    explain   In.    proper  procedures  to  removo  a  boilt^r  from 
service,   drain,    it       i   and    CLll   boiler,    install,    operate  and   maintain  centrifugal  pumps, 
charge  oxpa.    Ion   tank,    perform  preoperational   inspection  and   fire  boiler  by  correctly 
answering  lt>.  ou  I   .>c    15  questions. 

EXERCISE  1 
HOT  WATER  HEATING  AND  CONTROLS 
Complete  the  following  statements. 
1-       How  is  low  temperature  water  usually  applied  when  used   for  space  heating? 

2.  Wha"    Is  me;;.nt  by  a  hot  water  system  that  heats  directly? 

3.  What  type  of  hot  water  heating   system  is  suitable   for  any  size  installation? 

4.  How  does  a  centrifugal   pump  pump  water? 

5.  Why  tnust  a  centrifugal  pump  never  be  run  dry? 


6.       How  often  should  a  centrifugal   pump  be  operated? 


7.       What  should  be  accomplished  on  a  semiannual   inspection  of  a  centrifugal  pump? 


8.       When  should  wear  rings  be  replaced? 


9.       How  are   low  temperature  hot  water  boilers  classified? 


10,     What  are  the  types  of  steel  boilers? 


11.     How  many  sections  are  steel   boilers  constructed  in? 


^  12,     What  is  the  purpose  of  the  pressure  relief  valve? 


EKLC 
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13.      What    Is   thf*  pnrposo  of   the  dip  tube  on  a  hot  v^ater  boiler? 


14.     What  nevlce  is  added   to  a  hot  water  boiler  to  prevent   thermal  shock? 


lf>.     Why  shotild  an   inlet  connection  be  the  same  size  as  the  boiler  inlet? 


IC-       A    _     _  prevents  gravitational    flow  of 

water  fTfrough  fTTe  sysfem  wFen   the  crFcula ti ng  pump  is  shut  off. 

17.      What   is  the  purpose  of   the  breeching? 


18.     Why  are  expansion    tanks  added   to  a  hot  water  system? 


19.  What  is  the  maximum  temperature  that  can  be  used  on  an  open   tank  hot  water  system? 

20.  V/hero  should  an  open  expansion   tank  be  installed? 


21.     What   is  the  advantage  of   using  a  closed  expansion   tank  over  an  open  tank? 


22.     What  compon  ^nts  are  added   to  an  open  expansion  tank? 


23.     How  large  must  an   expansion   tank  be? 


24.      How  is  a  closed   hot  water  system  automatically   i.^upplied  with  water? 


25.      At  what   pressure  are  pressure  regulating  valves  factory  set? 
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EXERCISE  2 

Comploto  the  following  statements: 

What  should  be   the  first  step  in  shutting  down  a  hot  wa  t(?r  boiler? 

How  long  should  water  circulation  be  maintained  through  the  bcUlor  wh(»n  "^^Mittint^ 
the   unit  down? 

When    flushing  a  hot  water  boiler,   how  long  should    fresh  water  Ijo  run   through  the 


What  would  be  the  first  procodure  to  follow  when  filling  a  hot  water  system? 


How  much  water  should  be  added  to  the  expansion  tank  when  filling  the  system? 


When  should  you  begin  venting  air  from  a  hot  water  system? 


Why  is  it  necessary  to  drain  and  refill  the  system  several  times  before  starting 
the  fire    for  initial  operation? 


When  performing  a  preoperational   inspection,   the  piping  system  should  be  checked 


Why  should  a  newly  filled  system  be  heated  to  a  higher  temperaturr-  than  HntlnlfKited 
for  normal  operations? 


What  procedure  should  be  accomplished  on  a  newly  installed  system  a^ter  two  days  of 
operation? 


11.     How  often  should  a  hot  water  system   that  has  been    flushed  and  vented  be  drained? 


12.     What  will  a  stoppage  in  the  system  cause? 


13.     What  will  happen  if  a.  relief  valve  fails  to  operate? 


14.     V/hat  can  happen   if  the  water   temperature  gcits  too  high? 


If  the  system  pressure  fluctuates  or  pulsates  rapidly,  what  should  you  check? 


boiler? 


for 
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HOT  WATER  DISTRIBUTION  SYSTEMS 


OBJECTIVES 

Using  information  given,   explain  the  types  of  hot  water  distribution  systems  and 
their  components  by  correctly  answering  10  out  of  15  questions. 

Using  information  given,   explain  the  procedures  to  follow  to  install  a  secondary 
hot  water  heating  system  by  correctly  ansW6»ring  2  out  of  3  questions. 


Complete  the  following  statements. 

1.  What  type  of  hot  water  system  would  you  us 3  that  did  not  require  roora-to-room 
heati ng  adjustment? 

2.  How  does  the  one-pipe  system  differ  from  the  series  loop  system? 

3.  The  advantage  of  a  one-pipe  system  over  a  series  loop  system  is 


4.  How  are  two-pipe  systems  classified? 

5.  What  is  the  biggest  problem  with  the  direct   return  heating  system? 

6.  What  type  of  hot  water  system  is  easiest   to  balance? 

7.  Why  are  expansion  joints  added  to  a  hot  vater  distribution  system? 

8.  How  is  air  removed  from  a  hot  water  system? 

9.  Where  must  air  vents  be  installed? 

10.  What  are  the  methods  of  balancing  a  hot  water  system? 

11.  When  is  the  ideal  time  to  balance  a  hot  water  system? 

12.  In  a  single-zone  system,   what  does  the  thermostat  control  in  most  cases? 
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13.     When  the  water  reaches  the  desired  temperature,  what  does  the  aquastat  do? 


14.     What  can  the   thermostat  control  in  a  multiple-zone  installation? 


15.     What  methods  are  used  to  transfer  the  generated  heat? 


What  Is  the  heating  medium  used  on  secondary  heating  systems? 


How   Is  temperature  control  of  a  secondary  system  accomplished? 


13.     See  figure  2-11,   what  causes  the  valve  to  close  off? 
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TROUBLESHOOTING  HOT  WATER  HEATING  SYSTEMS 


OBJECT  IVES 

Using  information  given,   explain  the  procedures  to   follow  in  troubleshooting  a  hot 
water  heating;  system  by  ccrrectly  answering  12  out  of  15  questions. 

Using  information  given,   explain  how  to  inspect  and  replace  aquastats,  maintenance 
of  pressure  regulators,    procedures  to  follow  to  inspect  and  maintain  special  flow 
fittings,   installation  of  air-bleed  and  pressure  regulators,    procedures  used   to  balance 
sy^stem  and  inspecting  boilers   for  leaks,   corrosion,  and  scale  by  correctly  answering  12 
out  of  15  questions. 


Complete  the  following  statements. 

1.  What  part  of  the  boiler  is  considered  the  fireside? 

2.  If  firing  with  coal  you  noticed  that  there  was  too   little  coal  on  the   fuel  bed, 
what  should  you  do? 


4.       Which  type  of  fuel  supply  system  is  easiest  to  troubleshoot? 


5.       When  troubleshooting  a  gas  burner,   you  can  atribute  the  problem  much  of   the  time  to 


6.       Where  do  leaks  occur  on  a  hot  water  heating  system? 


7.       How  can  you  tell   in  a  closed  system  that  there  is  a  leak? 


8.       What  types  of  problems  are  encountered  with  circulating  pumps? 


9.       How  can  you  tell  if  an  impeller  is  beginning  to  wear  out  on  a  circulating  pump? 


10.     What  should  you  check  when  replacing  an  old  pump  motor? 


11.     A  high  water  level   in  the  expansion  tank  would  indicate  a  loss  of   the  air  cushion. 
True  or  false? 
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TROUBLESHOOTING  OF  HOT  WATER  HEATING  SYSTEMS 


3. 


Before  you  begin  to   troubleshoot  an  oil   burner,   you   first  have  to 
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12.      Mow   Is  t»ie  air  cus>ilon   in    the  expansion  tank  replaced? 


13.  after   replacing  the  atr  cushion   in   th  expansion   tank  you  again   loose  the 

cushion,   what  should  you  do? 


14.      TIow  could  a   pressure  regulator  cause  you  to   loose  system  pressure? 


1).      ir  you  (iiai^nose   thc^   problem  as  beinf^  a  defective  regulator,    what  should   you  do? 
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EKRRCISE  2 

Complott?   tho   following  s  t:i  t<*m(Mi  ts . 

1.  What.   Is   Iho  i>nly   iid  j  us  tmon  t.  made  on  an  :i(iuast:it.? 

2.  The  differential  setting  on  an  aquastat  determines 


3.        If  an  aquastat   fails  to  properly  maintain  boilor  water   temperature,   what  should  you 
do? 


4.       Before  attempting   to  service  or  repair  a  pressure  regulator  you  should 


5.       What  is  the  purpose  of  tapping  the  side  of  a  regulator  valve  with  a  wrench? 


6.       How  can  you  tell   if  the  diaphragm  of  a  pressure  regulator  has  ruptured? 


7.       Where  should  a  pressure  regulator  be  installed? 


8.       What  should  be  done  before  installing  a  pressure  regulator? 


What  can  happen  if  a  pressure  regulator  is  improperly  adjusted? 


in.     How  much  pressure  is  necessary   for  a  system  that  is  37  feet  high? 


11.     What  should  you  do  if  you  see  that  an  automatic  air  vent  is  leaking? 


12.     How  do  you  inspect  special    flow  fittings? 


13.     After  opening  up  the  piping  system  you  notice  that  there  is  scale  buildup  on  the 
s*pecial   flow-fitting,  what  should  you  do? 


14.     How  can  you   tell   if  a  hot  water  system  needs  to  be  balanced? 


15.     When  is  the  best  time  to  balance  a  hot  water  system? 


16.      In  order  to  balance  a  hot  water  system  correctly    the  outside  temperature  should  be 
low  enough  to  require* 


17.  True  or  False.     Whon  balancing  a  hot  water  system  all  valves  must  be  open. 

18.  After  a  hot  water  system  has  been  adjusted,  what  should  you  do? 
10.  How  oftf>n  should  a  hot.  water  boiler  be  opened  up  and  inspected? 
20.  vVhere  do   leaks  usually   occur  on  a  hot  water  .system? 
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OPERATION   AND  MAINTEr^ANCK  OF   HOT  WATER  SYSTKMS 

OBJECTIVES 

Using   information  given,   remove  a  boiler  from  service,  drain,   flush  and    fill  boiler 
with  instructor  assistance. 

Using  information  given,    inspect  boiler    for  leaks,    inspect  and   replace  atiuastats, 
and  maintain  pressure  regulators  with  instructor  assistance. 

Using   information  given,   inspect   for  corrosion  atid   scale  and   troubleshoot  hot  water 
heading  system  with   instructor  assistance. 

PROCEDURE 

EXERCISE  1 

OPERATION  AND  MAINTENANCE  OF  HOT  WATER  HEATING  SYSTEM 

Safety 

a.  Remove  watches,    rings  and  Jewelry;   i.e.,    ID  tags,   armbands,  etc. 

b.  Disconnect  electrical   power  from  power  source, 

c.  Observe  safety  precautions  that  apply  when  working  with  operating  heating 
equipment . 

Drain  Boiler 

a.  Make  sure  water  supply  to  pressure  regulator  is  shut  off. 

b.  Open  all  valves  to  systems. 

c.  Lift  cover  plate  in  front  of  boiler  out  of  the  way  to  expose  pit. 
NOTE:     Ask  instructor  for  forks  to  lift  plate. 

d.  Open  drain  valve  on  expansion  tank. 

e.  Open  drain  valve  on  front  of  boiler. 

NOTE:     Wait  for  boiler  to  drain.     When  told  tn  do  so  by   instructor  continue  on 
to  next  step. 

Flushing  Boiler 

In  order  to  flush  boiler  proceed  as  follows: 

a.  Open  raw  water  bypass. 

b.  Open  raw  water  supply  valve. 

c.  Close  off  supply  valve  when  water  pressure  from  boiler  drain  builds  up. 

d.  Wait   for   fresh  water  to  drain  from  boiler.     Note  color  of  water  coining  out.  If 
it  is  still  rusty   looking   fill  and  flush  again.     Do  this  until  water  runs 
clean. 

Inform  instructor  when  you  are  ready  to  continue. 
Maintaining  Boi ler 

a.  Obtain  tools  from  tool  locker. 

b.  Place  floor  plate  over  pit. 
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c.  Disconnect  wiring  from  aquastat. 

d.  Remove  bolts  from  plate  holding  aquastat. 
NOTE:     Hold  onto  aquastat  so  it  doesn't  fall. 

e.  Pull  plate  and  aquastat  from  boiler  and  take  to  workbench. 

f.  Examine  aquastat  and  plate  for  defects. 

Inform  instructor  of  your  fir>dings. 

15.     Obtain  flashlight  from  tool   locker  and  visually  inspect  boiler  for  scale, 
corrosion  or  any  other  defects. 

Discuss   findings  with  instructor. 

h.  Remove  gage  glass  from  expansion  tank.     Check  glass   for  cracks  or  any  other 
defects- 
Discuss   findings  with  instructor. 

i.  If  okay,   reinstall  gage  glass. 

NOTE:      Do  not  over  tighten  nuts. 

j.     Check  condition  of  all  valves,    i.e.,   flow  control  valves,    gate  valves,  pressure 
relief  and  pressure  regulating  valves. 

laforr  instructor  of  your  findings. 

k.      If  everything  is  okay  and  told  to  do  so  by  instructor,   put   boiler  back 
toge  ther . 

Inform   Instructor  of  your  findings. 
1.     When  told  to  do  so  by  instructor,    reinstall  pump. 
Filling  the  System 

a.  Close  drain  on  boiler  and  expansion  tank. 

b.  Close  vent  on  airtrol  tank  fitting. 

c.  Close  all  vents. 

d.  Open  boiler  supply  and   return  main  valves. 

e.  Open  manual   feed  valve  and  feedwater.     Fill  system  until  expansion  tank  is 
approximately  one-half  full. 

f.  If    level   in  tank  is  above  or  below  one-half  full,   add  or  drain  water  and  air  as 
per  instructions  from  instructor. 

g.  Sc "  pressure  regulator  to  maintain  12  psig . 

STOP:     Wait  for  any   further  instructions  from  instructor  before  proceeding. 

h.  Turn  on  power. 

i.  Start   the  circulating  pump  to  establish  water  circulation.     Check  operation  of 
pump  for  p  .  Ise,   vibrations,  etc. 

j.     Begin  venting  system  with   lowest  radiation. 

k-     Vent  tho  rest  of  the  units  progressively  until  all   radiators  are  completed. 

1.      If   necessary,   drain  and  refil  system  several  times  to  remove  any  grease,  core 
sand  and  other  foreign  material . 
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Preopc?  ra  t  iona*  Inspection 

Before  starting  the  system,   perform  a  preoperational   inspection.      Inspect  the 
instaLlatiom  carefuly  and  make  sure  the  following  are  completed. 

Boiler  Unit 

a.  All  installation,   repair  and  cleanup  work  completed. 

b.  All  piping  tested  for  leaks,   and  insulation  if  necessary. 

c.  Drain  vralves  closed,   supply  and  return  header  valves  open  and  in  good 
condi  tion . 

d.  Water  gage  glass  on  expansion  tank  properly  installed,  with  valves  open. 

e.  All  auxiliary  equipment  (such  as  fuel  burning,    feedwater,   limit  controls) 
properly  installed  and  ready  to  operate. 

t.     All  instruments  and  gages  properly  installed  and  ready  for  operation,  pressure 
relief  valve  set  and  in  good  condition. 

g.     All  accesa  and  observation  doors  closed. 

Space  Heating  Equipment 

All  installation,   repair  and  cleanup  work  on  radiators,   convectors,   unit  heaters, 
completed  and  ready  for  operation. 

STOP:     Do  not  continue  until  told  to  do  so  by  instructor. 

Operational  Procedures 

a.  Open  fuel  supply  lines.     (Solenoid  switch,   supply  and  return  valves  on  oil 
tank,   supply  and  return  lines  on  fuel  oil  pump.) 

b.  Set  aquastat  to   lot  setting. 

c.  Turn  on  main  power  switch  (side  of  boiler). 

d.  Burner  should   ignite.     If  burner  does  not  fire  correctly,   consult  instructor. 

e.  When  water  temperature  reaches  120*F,   turn  thermostat  to  highest  position. 

f.  Check  water  level  in  gauge  glass  on  expansion  tank.     Maintain  1/2  full. 

g.  Trace  out  distribution  system.     Determine  whether  it  is  a  one-  or  two-pipe, 
direct-  or  reverse-return  system. 

h.  Bleed  air  from  system  as  per  instructions  from  instructor. 
Checks  to  be  Made  While  Operating  the  Hot  Water  System 

Check  boiler  and  piping  system  for  water  leaks. 

Check  all  valves  on  supply  and  return  mains  for  proper  operation. 
Check  all  air  vents  for  proper  operation. 
Check  all  boiler  controls  for  proper  opration. 
Check  for  frayed  wiring  or  loose  connections. 
Check  expansion  tanks  for  leaks  a.nd  proper  operation. 
Check  makeup  water line  for  leaks. 

^  0 


Shutdown  Procedures 

a.  Turn  aquastat  to   lowest  position. 

b.  Turn  off  fuel  supply.  Close  supply  and  return  lines  to  fuel  oil  pump, 
c     Set  thermostat  to   lowest  point  when  instructed  by  instructor. 

d.     Secure  power  (main  power  swtich  on  side  of  boiler). 
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SOLDERING  AND  WELDING 

OBJECTIVES 

.....^^^^2  Information,   explain  basic  facts  about  types  and  sii.es  of  copper  tubing  and 
fittings  by  correctly  answering  80%  of  questions. 

Given  hand  tools,  copper  tubing  kit,  copper  tubing,  and  instructions,  measure,  rut 
bend,  swage,  and  flare  the  copper  tubing  with  a  maximum  cf  t«ro  instructor  assists. 

Given  hand  tools,   sandpaper,  steel  wool,  hydrocarbon  torch  and  assortment  of 
fittings,  use  proper  techniques  to  soft  solder  two  copper  tubing  joints  with  a  maximum 
of  two  instructor  assists. 

Given  inforaation,  explain  the  theory  of  oxyacetylene  welding  and  related  equipment 
by  answering  80%  of  the  questions.  m  h 

Given  hL^^d  too^s,  copper  tubing,  oxyacetylene  equipment,   sil-phos,  and   flux,  use 
proper  techniques  to  hard  solder  two  copper  tubing  joints  with  a  maximum  of  two 
instructor  assists. 

Given  hand  tools,  metal,  oxyactylene  equipment,  and  sandpaper,   use  proper 
techniques  to  weld  two  pieces  of  metal  together  with  at  least  80%  penetration  with  a 
maximum  of  two  instructor  assists. 

PROCEDURE 

EXERCISE  1 
TYPES  AND  SIZES  OF  COPPER  TURING 
Answer  the  following  questions. 
^  I.       What  sizes  are  available  with  type  M  copper  tubing? 
2.       Name  four  types  of  copper  tubing? 
a. 
b. 


c. 
d, 


3. 


How  is  the  diameter  of  copper  tubing  measures? 


4.  Vfh 


ich  type  of  copper  tubing  is  used  for  high  pressure  and  underground  installation? 


5.       Which  type  of  copper  tubing  is  used  in  non-pressure  applications? 


EXERCISE  2 
COPPER  TUBING  SYSTEM 


CAUTION:     Observe  safoty  precautions  when  using  hand  tools.     Exercise  care  while 
using  tubing  cutter  and  insure  that  reamer  is  folded  in,   to  prevent 
puncture  wound.     Remove  watches  and  rings  prior  to  entering  work  area. 
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1.  Procoed  to  lab  area  with  instructor. 

2.  Draw  flaring  kits  and  copper  tubing  from  supply  cabinet. 

3.  Inspect  tools  and   Injure  good  condition. 

MEASURING 

1.  Select  a  roll  oC  tubing  and  unroll  approximately  two  feet. 

2.  From  yoar  instructor,   obtain  measaretnenc  desired;  then,  measure  tubing  and  'nark  it, 

3.  Write  desired  measuroment   in  the  blank  space. 

CUTTING  COPPER  TUBING 

1.  If  a  tube  cutter  is  not  available,   what  may  be  used  to  cut  the  t\ibing? 

2.  Install   the  tubing  cutter  so  that  the  cutter  wheel   is  over  the  mark.     Make  sure 
that  the  reamer  is   folded  in. 

3.  Tighten  the  cutter  wheel  slightly   againsl  the  tubing  and  revolve  the  cutter  slowly 
around  the  tubing  one  complete  revolution  to  mark  tubing. 

4.  Measure  tubing  again  to  insure  correct  length. 

5.  Continue  revolving  cutter,   tightening  slightly  (1/4)  after  each  complete  turn, 
until  the  tube  is  cut  through. 


CAUTION: 


Be  careful  not  to  drop  the  cutter  and  tube  when  the  cut  is  complete. 


6.  Uemove  the    *utter  and  insert   reamer  in  the  end  of  the  tubing.     Revolve  the  reamer 
until    i,he  burr  is  removed  from  the  inside  of  the  tubing. 

7.  Inspect  the  tube.     If  it  is  still   rough  on  the  end,  smooth  it  by   filing   It  very 
ligh wly . 

NOTE:     The  reaming  procedures  should  be  done  with  the  open  end  of  the  tube  pointing 
down,   so  the  filings  will  not   fall  into  the  tube. 

BfiNDING  COPPER  TUBING 

1.  Check  with  instructor  to  see  what  bends  are  to  be  made  in  the  tubing. 

2.  Using  the  mechanical  bender,   make  a  90*  bend. 

3.  What  other  methods  of  bending  copper  tubing  can  be  employed? 
a.  _  _  _   

b    

c .  _   

PROCEDURES   FOR  FLARING  COPPER  TUBING 
1.       Place  the  corrf^x-C  size  flare  nut  on  the  tube. 
NOTE:     Example  3/8"   tubing  -   3/8"  flare  nut. 
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2.  Tnsort  the  tubing  into  the  correct  size  hole  in  the  X^are  block  (bevolt^J  end).  How 
far  should  tubing  extend  above  the  flare  block?  _ 

3.  Tighten  the  wing  nuts  on  the   flare  block  as  tight  as  possible  with  your  flnt^ers. 
NOTE:     Use  the  T-handle  to  tighten  the  wing  nuts  on  the  flaring  block. 

4.  Insert  the  flaring  yoke  over  the  tubing  in  the  flare  block. 

5.  Tighten  T-handle,   moving  the  flaring  face  into  the  center  of  the  end  of  the  tubing. 
Continue  tightening  until  the  flare  is  complete. 

NOTE:     Tubing  is  flattened  cut  over  the  face  of  the  flaring  block. 

6.  Remove  the  flaring  yoke. 

7.  Loosen  wing  nuts  with  T-handle  and  renaove  tubing  from  flare  block. 

8.  Slide  flare  nut  to  flared  end  and  inspect  adequate  coverage  of  flare-nut  bevel. 

CONNECTING  FLARED  FITTINGS 

1.  Place  flared  end  of  tubing  against  rounded  Joint  of  fitting. 

2.  Slip  flare  nut  up  to  flare. 

3.  Connect  fitting  and  screw  it  on  by  hand  until  snug. 

4.  Tighten  with  line  wrench  and  an  open  wrench. 

NOTE:     Pipe  Joint  or  anti-seize  compound  is  not  required  with  flared  connections. 

PROCEDURES  FOR  SWAGING  COPPER  TUBING 

1.  State  purpose  of  swaging  copper  tubing.   

2.  Lay  out  and  inspect  tools. 

a.  Swaging  kit 

b.  Hammer 

c.  Tubing  cutter 

d.  Hacksaw 

3.  Cut  and  ream  three  pieces  of  copper  tubing  four  Inches  in  length. 

NOTE:     Ream  tubing  until  swaging  tool  fits  into  the  pieces  of  copper  tubing. 

4.  Insert  one  piece  of  the  copper  tubing  in  the  swaging  b^ock. 
a.     Use  flat  side  of  swaging  block. 

b-     Extent  tube  above  block  the  distance  from  the  bottom  of  the  swaging  tool  to  the 
top  of  the  first  bevel . 

5.  Extend  the  proper  size  swaging  tool  in  the  tubing. 
Example:     3/8"  tubing  -  3/8"  swaging  tool 
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°"       '■ubiifV.'"''  '"'^'^      ^'^'^^  P^'^"  hi^mmor  and  drive  the  swA^Ln^  tool  mto  the 

NOTE:     Th,^  swagi  n,r  tool  should  ho  turned  slightly  after  each  stroko. 

^^.swIgiiK^.ooll   ^'''"'^'^  ^•^'^  ^^^^^"^  ^"^^^   ^"•^^"'^  reaches  top, 

7.        Koriov*^*   the  swaKing  tool. 

S.        Uf^movo   tho   tuhirij.;   from  the  Mwagin^  block. 

EXERCISE  3 
PROCEDURES   FOR  SOFT  SOLDEUIWG 
1.       ThorougTlUy  clf?an  all  metal  joining  surfaces. 

WOTE:     Metal  surfac^-s  must  be  very  clean  before  they  will   solder  correctly.  What 
can  be  used  to  clean  the  metal  surfaces? 


6. 
7. 


2.  Apply  a  noncorrosive  flux   to  cleaned  area. 

NOTE   1:     Use  a  brush  or  paddle  to  apply   flux  -  DOW'T  USE  PIWGEHS  or  anv  oilv 
object. 

NOTE  2:     D(>  not  apply   the   flux   too  thickly  as  excess  flux  may   form  bubbles  vvhori 
heated  and  prevent  the  solder  from  flowing  into  the  joints- 

NOTE  3:     Do  not  dip  tube  into  the  flux   (same  as  Note  2). 

3.  After  the   t  ibe  has  been  inserted  into  the  fitting,    revolve  it  once  or  twice  to 
spread  the    .lux  evenly. 

4.  Plac(>  tubing   in  brace  on  table. 

5.  r.ight  the  torch. 

NOTE:     Follow  step-by-step  procedures  in  lighting  and  adjusting  torch. 
Apply    the   flame   to  the   fitting  so  solder  will   be  drawn   in  by  capillary  attraction. 
Tost   the  heat  of   the  metal   by  occassional ly   touching  it  with   the  solder. 
CAUTION:      Do  not  let  the   flame  touch  the  solder. 
WOTE:     Oxidation  will  occur. 


8. 


Hold  the  flamo  on  the  tubing  and  apply  the  solder  to  thr?  edge  of  the  fittinr 
Explain  what  will   liappen  if  the  fitting  is  hot  enough. 


NOTE:  Th(^  rnotal  must  be  hot  enough  to  melt  the  solder  on  contact. 
NOTE:      If  you  l^ve  3/8"  tubing  you  should  use  3/8"  solder. 

9.  Secure   the  torch. 

NOTE:     Follow  step-by-step  procedures. 

10.  Use  a  wire  brujh  to  remove  excess  solder  from  outside  of  tubing. 
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CAUTION:     Lift  hot   tubing  with  pliers  and   cool   in  water  bucket  at   tfie  oiici  of  the 
workbench. 

11.  Have  the  Instructor  check  your  work. 

12.  The  instructor  may  have  you  cut  your  completed  joint   to  check  the  condition  of  your 
soldered  surface. 


EXERCISE  4 
SETTING  UP  EQUIPMENT 

Cylinders 

l^lace  the  oxygen  and  fuel  gas  cylinders  together  where  they  are  to  be  used,  and 
secure  them  from  falling   (see  figure  1).     Cylinders  naust  be  chained  or  otherwise  secured 
ty  cylinder  cart,   wall,  workbench,   post,  etc. 

NOTE:     Both  oxygen  and  fuel  cylinders  (especially  oxygen)  are  highly  loressurized 

and  must  always  be  handled  with  care.     Never  allow  cylinders  to  be  dropped, 
knocked  over  or  subjected  to  excessive  heat.     When  moving  cylinders,  always 
be  certain  valve  protection  caps  are  securely  in  place.     Place  valve 
protection  caps  where  they  can  be  easily  found  and  replaced  when  cylinders 
become  empty. 


Figure  I.     Securing  the  Cylinders 

IMPORTANT  SAFETY  NOTES: 

*  Cylinders  should  always  be  kept  in  a  vertical   position  and  chained  or  otherwise 
secured  from  falling. 

*  Do  not  strike,   drop  or  apply  heat   to  cylinder. 

*  Valve  protection  caps  should  always  be  in  place  whenever  cylinders  are  moved  or 
are  in  storage   (full  or  empty). 

*  Mark  empty  cylinders  "EMPTY." 

*  Valves  on  empty  cylinders  should  be  closed  completely. 

*  Empty  cylinders  should  be  kept  in  specified  storage  areas. 
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Regulators 


NOTE:      If  oil   or  grease  is  detected,   DO  NOT  use  cylinder, 
this  condition  immediately. 

2.  Momentarily  open  and  close  (called 
'•cracking")  each  cylinder  valve  to 
dislodge  any  dirt,   dust  or  rust  that  may 
be  present. 

CAUTION:     Open  cylinder  valve  only 

slightly.      If  valvG   is  opened 
too  much,    the  cylinder  could  tip 
over.     Wheu  "cracking"  cylinder 
valve,   do  not  stand  directly  in 
front  of   va 1 ve ;   stand   beh i nd  or 
to  one  side   (see   figure  2). 

3.  Inspect  the  regulators   for  damaged 
threads,   dirt,   dust,   oil   or  grease. 
Remove  dirt  or  dust  with  a  clean  cloth. 

NOTE:      If  oil   or  grease  is  detected  or  if 
threads  are  damaged,   be  sure  you 
clean  the  regulator  and/or  repair 
damage  before  using. 

4.  Attach  the  oxygen  regulator  to  the  oxygen 
cylinder  valve  and  tighten  securely. 
Tighten  clockwise  with  proper  wrench  (see 
figure  3). 

5.  Attach  fue^    gas  regulator  to  the  fuel  gas 
cylinder  valve  and   tighten  securely. 
Tighten  in  direction  necessary   for  the 
particular   fuel  gas  connection  in  use. 

NOTE:     The  oxygen  regulator  connection  has 
right-hand  threads  and  the 
acetylene  has  left-ha^H  threads. 

6.  Before  opening   cylinder  valves,  release 
tension  on  the  adjusting  screws  by  turning 
them  counde rclockwise . 

Turning  on  Cylinders 

1.       Be  certain  that  tension  on  regulator 

adjusting  screws  is  released.     Stand  so 
the  cylinder  valve   is  between  you  and  the 
regulator . 

N^TE:     Never  stand   in   front  or  in  back  of 
a  regulator  when  opening  the 
cylinder  valve. 

Slowly  and   :Tarefully  open  cylinder  valve 
until  maximum  pressure  is  registered  on 
the  high-presi''  ^  gauge.     Now  open  the 
oxygen  cylinder   /alve  completely  to  seal 
the  valve  packing:  (see  figure  4). 


Inform  you   instructor  of 


Figure  2.     Cracking  a  Valve 


Figure  3.     Tightening  the  Union  Nut 


EKLC 


-6 


607 


Figure  4 

2.  Slowly  open  the  fuel  gas  cylinder  valve  in  the  same  manner. 

NOTE:     Acetylene  cylinder  valves  should  never  be  opened  more  than  one  full  turn. 
Other  fuel  gas  cylinder  valves  should  be  opened  completely. 

3.  Check  for  leaks  with  an  approved   leak-detector  solution.     Bubbles  will  appear  if 
connection  is  leaking.     Regulator  connections  may  be  re-tightened. 

CAUTION:     NEVER  tighten  a  cylinder  valve.      If  cylinder  valve   is  leaking,  place 
cylinder  outdoors  and  notify  your  instructor  immediately. 

4.  The  use  of  a  reverse-flow  check  valve  on  the  regulator  and  torch  handle  is  strongly 
recommended  to  reduce  the  possibility  of  mixing  gases  in  the  hoses  and  regulators. 
Minted  gases  will  burn  rapidly  once  the  torch  is  lighted  and  can  explode  in  the 
hoses,   regulators  or  cylinders,   resulting  in  serious  damage  to  the  equipment  or 
injury  to  the  operator.     To  install  reverse-flow  check  valves  at  the  regulators, 
screw  the  reverse-flow  valves  onto  the  regulator's  outlet  connection.  Tighten 
securely  with  the  proper  wrench. 


IMPORTANT  SAFETY  NOTES: 

*  Be  certain  cylinder  valves  and  regulator  inlet  connections  are  completely  free  of 
dirt,   dust,   oil  or  grease. 

*  If  oil  or  grease  is  detected  on  cylinder  valves,   DO  MOT  USE!     Notify  your 
instructor  immediately . 

*  Never  stand  directly  in  front  or  in  back  of  a  regulator  when  opening  the  cylinder 
valve;  stand  so  the  cylinder  valve  is  between  you  and  the  regulator. 

*  Always  open  cylinder  valves  '^slowly**  and  "carefully." 

*  Open  an  acetylene  cylinder  a  maximum  of  one  complete  turn. 

*  Always  check  for  leaks  on  regulator  and  cylinder  valve  connections. 
Hose  Connections 

1.       Connect  the  oxygen  hose  to  the  oxygen  regulator  and   tighten  the  connection  firmly 
with  a  wrench.     Oxygen  regulators,   check  valves  and  hoses  have  right-hand  threads. 
Fuel   gas  regulators,   check  valves  and  hoses  have   left-hand  threads  (see  figure  5). 
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Figure  5.     Attaching  the  Hose 

2.  Adjust  the  oxygen  regulator  to  allow  3  to  5  psig  to  escape  through  the  hose.  Allow 
oxygen  to  flow  5  to  10  seconds  to  clear  the  hose  of  dust,   dirt  or  preservative 
then,   shut  off  the  oxygen  flow.  o^ivauive, 

NOTE:     New  hose  preservative  talc  must  be  blown  out  of  the  hose  prior  to  using  the 

3.  Attach  and  clear  the  fuel  hose  in  the  same  manner. 

NOTE:     Be  s  re  to  clear  hoses  in  a  well-ventilated  area— the  escaping  gases  create 
conditions  for  fires  and  explosions!  Bases  create 

Welding  hoses  are  exposed   to  severe  abuse.     Molten  slag  and  sparkes  can  come  into 
contact  with  hoses  and  burn   Into  the  hose  exterior.     Falling  metal    In  cutting 
operations  can  crush  or  cut    Into  welding  hoses.     The  operator  should  frpquentlv 
inspect  his  hoses  and  repair  damaged  areas  and.   when  necessary,   replace  the  hose 
Observe  the  following  safety  and  operating  procedures.  nose. 

IMPORTANT  SAFETY  NOTES: 

*  Keep  welding  hoses  clear  of  any  falling  metal,   slag  or  sparks. 

*  Never  allow  hoses  to  become  coated  with  oil.   grease  or  dirt.     Such  coatings  could 
conceal  damaged  areas.  v-v^a, couia 

*  Examine  the  hoses  before  attaching  to  welding  torch  handle  or  regulators.  If 
cuts,   burns,   worn  areas  or  damaged  fittings  are  found,   repair  or  replace  the 
hose . 

Weldlnt  Torch 

The  welding  torch  handle  is  probably  the  most  frequently  used  item  in  a  weldinc 

th^^K     Sxnce  cutting  attachments,   welding  tips  and  heating  nozzles  are  all  connected  to 

the  handle,   the  operator  should  always  protect  the  handle   from  possible  damage  or 

1.       Inspect  the  torcu  handle  head,   valves  and  hose  connections  for  dirt,   dust  oil 
grease  or  damaged  parts.     Remove  dirt  or  dust  with  a  clean  cloth. 

DO  NOT  attach  torch  handle  to  the  hose  if  oil  or  grease  is  detected  or  if 
damaged  parts  are  present.     Noti/y   instructor  before  proceeding. 


CAUTION: 
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2.       Inspect  the  welding  hose  connections   In  the  same  manner.     Do  not  use   if  oil  or 
grease  is  detected. 


3.  The  use  of  reverse-flow  check  valves  on  the  torch  handle  is  strongly   recommended  to 
reduce  the  possibility  of  mixing  gases  in  the  hoses  and  regulators.     Connect  the 
oxygen  reverse-flow  check  valve  to  the  torch  handle  valve  marked  ''Oxy"  and  tighten 
securely  with  a  wrench   (right-hand  threads).     Connect  the  fuel   reverse-flow  check 
valve  to  the  valve  marked  '*fuel*'  and  tighten  securely  with  a  wrench  (left-hand 
threads) . 

4.  Attach  the  welding  hose  to  the  reverse-flow  check  valves  and   tightoa  securely  (see 
figure  6). 


RIGHT-HAND  THREAD      GREEN  OXYGEN  HOSE 


Figure  6.     Connecting  the  Hoses  and  Torch 
Attaching  Welding  Tip  or  Nozzle 

1.  Inspect  the  cone  end,   coupling  nut  and  torch  head  for  damage,   dirt,   dust,   oil  or 
grease.     Dirt  or  dust  can  be  removed  with  a  clean  cloth. 

CAUTION:      If  damage,   oil   or  grease  is  detected,   notify  your  instructor  before 
proceeding. 

2.  Inspect  the  welding  tip  of  nozzle  cone  end  for  missing  or  damaged   "O"   rings.  There 
must  be  two  *'0'*   rings  on  the  cone  end.     Damaged  or  missing  '*0"   rings  can  allow 
gases  to  mix  and   result  in  backfires  or  flashback.     Severe  damage  can  result. 

3.  Inspect  the  torch  head.     The  tapered  seating  surfaces  must  be  in  good  condition. 
If  dents,   burns  or  burned  seats  are  present,    the  seat  must  be  resurfaced.      If  the 
torch  is  used  with  poor  seating  surfaces,   backfire  or  flashback  may  occur. 

4.  Connect  the  welding  tip  to  the  welding  torch  handle  and  tighten  the  couling  nut 
using  hand  pressure  only.     Wrench  tightening  may  damage  "O"  rings  and  create  a 
faulty  seal   (see  figure  7). 
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Figure  7.     Oxyacetylene  Torch 
Setting  Up  to  Weld/Lighting  the  Torch  and  Adjusting  the  Flame 

1.  Check  the  thickness  of  the  metals  to  be  welded   (figure  8)  and  prepare  as  described 
and   illustrated   in   figure  9. 

2.  Refer  to  welding  tip  selection  chart  to  determine  required  tip  size  and  regulator 
pressures   f jr  the  job  (see  figure  8). 


OPERATIONAL  AND  PERFORMANCE  DATA 


Oxy^ Acetylene  Welding  Nozzles 


UETU 
THICKNESS 

TIP 

SUE 

DXILl 

%ni 

OXYGEN 
PRESSURE 
PSIG 

KCET 
PRE 
f  S 

YIENE 

1  G. 

ACETYLENE 
CONSUMPTION 
SCfH" 

UAX. 

H1N. 

MIN. 

MU. 

up  lo  1/32 

000 

75 

1 

2 

1 

2 

1V4 

l/54-'-3/54 

00 

70 

1 

2 

I 

2 

2'^ 

l/32"-5/64' 

0 

55 

1 

3 

I 

3 

2W 

4 

3/54'-3/32' 

1 

60 

2 

4 

2 

4 

4 

6 

l/15"l/8" 

2 

56 

3 

5 

2 

5 

6 

10 

1/8  -  3/16" 

3/16"-l/4 

l/4".l/2" 

i/2".3/4" 

3/4-.11/4" 

3 
4 

5 

7 

53 
49 
43 
36 
30 

4 

5 
6 
7 
8 

7 

10 
12 
14 
16 

3 
4 
5 
6 
7 

6 
7 
8 
9 
10 

9 
15 
22 
30 
38 

18 
28 
40 
52 
66 

Gas  conSumptK>n  data  is 
merety  for  rough  estimat- 
ing purposes  It  will  vary 
greatly  on  the  matenal 
t>eing  welded  arnl  the 
paiticuiar  skill  of  Ihe 

M/4-  2- 

8 

29 

10 

19 

8 

12 

48 

82 

operator 

2-.2.1/2" 

9 

28 

12 

22 

9 

14 

58 

100 

Pressures  are  approxi- 

21/2--3" 
3' •31/2"" 
31/2"-4" 

10 
11 
12 

27 
26 
25 

14 

16 
18 

24 
26 
28 

!0 
11 
12 

14 
15 
15 

70 
84 
100 

118 
138 
160 

mate  for  hose  length  up 
to  2S  ft  Increase  for 
longer  hose  lengths 
atXKjl  3  psi  per  25  Jeet 

NOTE:  Pri>sure  .ind  con^uniplK)n  data  abovp  formulated  using  1/4"  hose  through  tip  si7e  8  and  3/8"  hose  (or  si/es  9  1? 
Use  W  hose  for  vzes  9  12 

At  no  tiiite  should  the  withdrawal  'ale  of  acetylene  cylinders  exceed  1/7  of  the  cylinder  contents  per  hour 


Figure  8.     Welding  Tip  Selection  Chart 

3.       Open  tho  oxygen  valve  on  the  torch  handle  and  adjust   the  oxygen  regulator  to  the 
desired  delivery  range. 
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4.  Close  the  torch  handle  oxygen  valve. 

5.  Open  the  fuel  valve  on  the   torch  handle  in  the  same  manner  and  adjust   the  f\iol 
regulator  to  the  required  delivery  range. 

6.  Close  the  torch  fuel  control  valve. 

7.  Before  proceeding  to  the  next  step,  have  your  instructor  check  your  worK.  The 
complete  torch  set  must  be  set  correctly  before  lighting  off. 

Instructor 


8.  Wear  protective  goggles  to  shield  eyes  from  bright  light. 

NOTE:     The  following  instructions  cover  the  torch  adjustment  procedures  for 
acetylene  only. 

9.  Hold  the  torch  in  one  hand  and  the  spark   lighter  in  the  other. 

10.  Open  the  torch  fuel  valve  approximately  1/16  to  1/3  turn  and  ignite  the  gas. 

CAUTION:     Point  the  flame  away  from  persons,   the  cylinders  or  any  flammable 
materials • 

11.  Keep  opening  the  fuel  valve  until  the  flame  stops  smoking  and  leaves  the  end  of  the 
torch  tip  about  one-eighth  inch;  then,  slightly  reduce  the  fuel  supply  to  bring  the 
flame  back  to  the  torch  (see  figure  9). 

12.  Open  the  torch  oxygen  -  until  a  bright  neutral   flame  is  reached   (see  figure  9). 

CAUTION:      if  you  experience  a  backfire  or  flashback  (a  shrill  hissing  sound  when 

the  flame  is  burning  inside  the  welding  nozzle),  immediately  turn  off  the 
acetylene  valve;   then,   turn  off  the  oxygen  valve. 


PURE  ACETYLENE  FLAME 


No  Acetylene  Feather  y 

V.  BLUISH  TO  ORANGE 


Inner  Cone  OXIDIZING  FUME 


Inner  Cone 


CARBURIZING  FLAME 

L*>  WHITE 


Acetylene  Feather 

INTENSE  WHITE  WITH  FEATHERY  EDGE 


LIGHT  ORANGE 


Figure  9 


Shutting  Down  the  Welding  Apparatus 

1.  Shut  off  the  teases. 

a.  First,   close   the  acetylene  valve  on  the  torch. 

b.  Next,   close  the  oxygen  valve  on  the  torch. 

c.  Close  the  acetylene  and  oxygen  cylinder  valves. 

2.  Drain   the  regulators  and  hoses  by   the  following  procedure. 

a.     Open   tho   torch  aootylone  valve  until   the  gas  stops   flowing,    then  close  the 
va I ve . 

o.     Next,   open  the  torch  oxygen  valve  to  drain  the  oxygen  regulator  and  hose.  When 
gas  stops  flowing,  close  the  valve. 

c.  When   the  above  operations  are  performed  properly,   both  high  and   low  pressure 
gauges  on  the  acetylene  and  oxygen  regulators  will  register  zero. 

EXERCISE  5 

SILVER  SOLDERING 

1.  Secure  enough   tubing  from  the  tubing  barrel   to  make  six  swage  connections. 

2.  After  making  the  swage  connections,   thoroughly  clean   the  contacting  surfaces. 

3.  Apply  a  silver   soldering   flux  to  the  male  fitting. 

4.  Insert   the  male   fitting  into  the  swage  and  revolve  it  once  or  twice  to  spread  the 
flux  evenly. 

5.  Light  the  oxyacetylene  torch  and  adjust  to  a  carburizing  flame* 

6.  Apply   the  tlame  evenly   to  one  side  of   the  swage,    bringing  it  to  a  cherry  red. 
NOTE:      Silver  solder  melts  at  a  temperature  of  1000*   to  1150*F. 

7.  Apply   the  solder   to  the  top  of  the  fitting  on  the  opposite  side  from  flame  while 
applying  heat  near  the  bottom  of  the  swage. 

NOTE:      If  the  heat  is  applied  near   the  bottom  of  the  swage,    the  solder  will  be 
drawn   to  the  bottom. 

8.  Turn  off   the  oxyacetylene  torch. 
CAUTION:     Use  pliers  to  handle  hot  metal,   cool  it  in  water  bucket. 

9.  Cut   the  completed  joint  with  a  hacksaw  and  check  for: 

a.  Penetration. 

b.  E.  -^ess  flux  . 
c-  Oxidation. 

d.  Excess  solder. 

10.  Have  the   instructor  check  your  work. 
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EXERCISE  6 

OXYACETYLENE  WKLDING 

In  oxy-fuel  welding,    two  metals  are  joined  by  melting  or  fusing  their  adjoining 
surfaces*     This  is  accomplished  by  directing  an  oxy-fuel    flame  over   the  metals  until  a 
molten  puddle  is   formed*     A  filler  rod  may  be  introduced   into  the  puddle   to  help  the 
metals   form  together*      In  this  exercise,   you  will  butt  weld  with  a  filler  rod*  Obtain 
materials  and  tools  and  proceed  to  welding  area. 

1.  Materials  and  Tools 

a*     Oxyacetylene  Welding  Jnit 
b.     Welding  Tip  (#2) 
c*  Gloves 

d*     Welding  Safety  Glasses 

e-  Pliers 

f.     Wire  Brush 

g*  Striker 

h*      Fire  Brick 

i.     Two  pieces  of  mild  steel  strips,    16  gauge  1"  by  5" 
j.     Filler  rod  mild  steel 

2.  PROCEDURES 

a*      Prepare  metal    for  welding 

(1)  Select  two  pieces  of  mild  steel  strips,    16  gauge  1"  by  5" 

(2)  Clean  metal  with  wire  brush 
b*     Place  metal   in  welding  position 

(1)  Arrange  fire  brick  to  support  the  metal 

(2)  Place  the  metal  pieces  on  top  of  the  fire  brick   leaving  a  1/16"  to  1/8" 
clearance  between  the  metal  to  allow  for  expansion 

c*      Insure  torch   is  turned  off 

d*      Open  tank  valves 

(1)  Acetylene 

(2)  Oxygen 

e*     Set  working  pressure 

(1)  Acetylene  -  5  psi 

(2)  Oxygen  -  10  psi 

f*      Light  torch  and   adjust  to  a  neutral  flame 

(1)  Open  acetylene  knob  on  torch  1/8  turn 

(2)  Adjust   flame  until  most  of  the  smoke  is  gone 

(3)  Open  o^yge.    k->ob  and  adjust  to  neutral  flame 
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NOTE:     IF  loud  blowing  noise,  adjust  acetylene  and  oxygen  knobs  down  until 
the  blowing  sound  discontinues. 

Hold  torch  in  a  comfortable,   well  balanced  position 

(1)  Right  or  left  hand,   whichever  applies 

(2)  Position  filler  rod  in  other  hand 

(3)  Hold  torch  and  rod  between  30*  and  45**  angle   from  center 

(4)  Place  inner  cone  about   1/16"  to  1/8"   from  metal 
Tack  both  edges  of  the  metal 

(1)  Keep  the  torch  moving  in  small  circular  motions  until  molten  pool  begins 
to  form  on  end  of  metal 

(2)  Adgi  filler  rod   to  pool 

(3)  Repeat  for  other  end 
Laying  the  bead  on  the  metal 

i\)     Place  inner  cone  of    flame  about  1/16"   to  1/8"  from  surface  of   base  metal 

(2)  With  small  circular  motions  (about  1/4")   form  a  molten  puddle 

(3)  Add  filler  rod  to   front  edge  of  puddle   in  front  of  torch 

(4)  Continue  the  process  insuring  that  the  puddle  is  the  same  size   <l/4")  and 
the  weld  forms  even  arc-shaped  ripples 

(5)  Slowly  work  the  puddle  across  the  metal,    1/16"  per  ripple,   keeping  the 
same  size,   shape,    and   centered  the  entire   length  of  the  metal 

(6)  Height  can  be  maintained  by  the  amount  of   filler  deposited   (   a  good  weld 
has  25%  noore  metal  than  the  original  metal) 

(7)  Speed  of  travel  across  metal  determines  the  penetration 
Turn  off  oxyacetylene  rig 

(1)  Turn  Off  torch 

(2)  Turn  off  acetylene  tank  valve 

(3)  Turn  off  oxygen  tank  valve 

(4)  Open  acetylene   torch  knob  -  drain  hose  and  regulator 

(5)  Open  oxygen  torch  knob  -  drain  hose  and  regulator 

(6)  Close  both  torch  knobs 
Show  weld  to  instructor  when  completed 

Instructor 
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HOT  WATER  HEATING  AND  CONTROLS 
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Using  information  given,   explain  the  principles  of  operation  of  low/medi 
temperature  hot  water  boilers  by  correctly  answering  20  out  of  25  questions 

With  fo^'ZrVT^TZl  ZVAllTks^Tsll]''  ^  centrifugal  pu.p 

EXERCISE  1 
HOT  WATER  HEATING  AND  CONTROLS 
Complete  the  following  statements. 

1.  How  is  low  temperature  water  usually  applied  when  used   for  space  heating? 

2.  What  is  meant  by  a  hot  water  system  that  heats  directly? 

3.  What  type  of  hot  water  heating  system  is  suitable  for  any  size  installation? 

4.  How  does  a  centrifugal  punp  pump  water? 

5.  Why  must  a  centrifugal  pump  never  be  run  dry? 

6.  Mow  often  should  a  centrifugal  pump  be  operated? 

7.  What  should  be  accomplished  on  a  semiannual  inspection  of  a  centrifugal  pur.p? 

8.  When  should  wear  rings  be  replaced? 

9.  How  are  low  temperature  hot  water  boilers  classified? 

10.  What  are  the  types  of  steel  boilers? 

11.  How  many  sections  are  steel  boilers  constructed  in? 
12*     What  is  the  purpose  of  the  pressure  relief  valve? 
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13.  What   Is   the  purpose  of  the  dip  tube  on  a   hot  watf>r  holler? 

14.  What  device  Is  added  to  a  hot  water  boiler  to  prevent  thermal  ghock? 
ir>.  Why  should  an  inlet  connection  be  the  same  size  as  tht    boiler  Inlot? 

water  through  the  sys^n  when  the  orFo^aTrr^W^r^''irinut  «J?y^^-*^°"-l   ^^O"  of 

17.  What   Is  the  purpose  of  the  breeching? 

18.  Why  are  expansion  tanks  added  to  a  hot  water  system? 

19.  What   is  the  maximum  temperature  that  can  be  used  on  an  open  tank  hot  water  system? 

20.  Where  should  an  open  expansion  tank  be  installed? 

21.  What  Is  the  advantage  of  using  a  closed  expansion  tank  over  an  open  tank? 

22.  What  components  are  added  to  an  open  expansion  tank? 

23.  How  large  must  an  expansion  tank  be? 

24.  How  is  a  closed  hot  water  system  automatically  supplied  with  water? 

25.  At  what  pressure  are  pressure  regulating  valves  factory  sot? 
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RXRRCISK  2 

Toardown,    Roassombly,    Installation  aiui 
Operation  of  a   OontrifUKal  Pnmp 

1.  Thr    instrnotor  will  assign  you   to  a  .mmU.  r  L  f  luva  1  punp. 

2.  Insure  all  valves  are  closod. 

NOTR:     Do  not  usg  hammers  or  improper  wrenches  on  this  punp . 
Loosoning  Fittings 

u"::  X'prpinl!"^'^^  ^  ^-^'^^'P>  ^^tn  umons  on 

2.  Leave  unions  in  place  as  guides  until  you  are  ready  to  remove  casing, 
riemovlny   the  Impeller 

rel^o^:  21  c^Sln^:"^'  '"'"^'"^  ^°  P-P   ^-^e  and 

2.  Hemovo  the  impeller  locknut  and  washer. 

3.  Slide  off  the  Impeller  and  key. 

Stuffing  Box  Diassembly 

1.  Loosen   the  hex  nuts. 

2.  Remove  the  gland  bolt.s  and  gland. 

f'Sl'fo^s.''"  P^-Xlne.      If  the  packing  is  frayed  or  worn,   proceed  as 

TiU.  rLoJ^r^|;!,"^n;!"^^  ^"^  ^^^^  ^^^^^  "^^"^  ^  P-'^^"^  a  rod 

Stuffing  Box  Reassembly 

Use   the  gland   to  push  the  packing  into  th<^  c^tn-Pf^nrr 

breaks  in  adjacent  packing^in^s^o  t'o  ISO  degJees^pa?;.  "^'""'"^ 

Slide  the  seal  cage  into  the  stuffing  box  wherp.  it  wiii    i^^o*.^  4 
position  opposite  the  tapped  hole.  locate  in  a 

SeakHta^geied  ioWlll'^  ^"'^'^^"^  ^^^^"6  the 

space  frrThrg?aSS  Jo  ^fsfa^rer  i-rh^  bor^  if  ^J^^s  ^.--^ 


2. 


3. 
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5.  Put    the  gland     ,;l<in.1   clamps  and  gland   bolts   in  place  and   tighten  the 

6.  Further  adjustment  wtll   be  made  after   the  pump  has  been  started. 
Impeller  and  Volute  Casing  Reassembly 

1.  Slip  the    Impeller  and   key  onto   the  shaft. 

NOTK:       It    a   Shaft   sloov<.    is   usc)d  ,    tho   kc.y  .n„st   ontor    inlu    tho  slot 

2.  Heplace   tlie  washer  and  locknut. 
"^^lsro^^fph^t:."^'"'^  ^  non-hardenin,  sealing  compound,   such  as 
ti^'ht'eniSg).'"''         '''^''^  securely  with   cap   screws  (alternate 

NOTE:      When   the  pump   is   located  above  the  liquid   level,   a  foot  valve 
ZJ^i  suction  pipe  will   retain  enough   water  In  the 

Impeller  when  the  pump  is  shut  down  to  prime  it  when  starring 
ti^'nfn  installed   in   the  suction  line  wJe^  thl 

liquid    is   located   above   the  pump. 

6.  Connect    the  discharge  pipe. 

NOTK:      A  chock   valvo  and   gate  valve  should  be    instaVlod    in  the 
discharge    lint;.  u    1.11  li.i, 

7.  Prime   the  p„mp,    if   the   liquid   level    is   lower  than    the  pump,  by 
removing   the  priming  plug  and   fill   the  suction  line  and  pu,;p:^ 

S.       Replace  the  priming  plug  prior  to  starting   the  pump. 

bl^dlJg!  ^"""^  ^^"'^  *°  "'^''^  ^"''^  ^^""^  ^''•^e  "ot 

SJfh\'^uick'^;„^^?  (rotation  shown  by  the  arrow  cast  on  the  casing) 
With  a  quick  start  aad  stop  of  the  pump.  ^-^''b; 

Make  ceitain  the  gate  valve   in   the  suction   line   is   fully   open  and 
the  gate  valve   in  the  discharge  lln,;  is  fully  closed. 

TslLTe  g^t'e^^Jve."'""  ''''  '    ^^^^^^  the 

WOTE:      Insure  pump   is   turned  off  before  proceeding. 
Packing  Gland  Adjustment 

^"innTi  ^^""Zl^^  tightening   the  packing  gland.      Never   tighten  the 

pisi?ion  necessary.      Never   force   the  packing    into  a  leak-p^oof 

2.       Tighten   the  bolts  evenly,    about  one-sixth  turn  at  a   time,  allowin^r 
interval    for   the  packing   to  creep   into  a  better  seal i ng  pos 1 t?oi?^ 

After  you  have  adjusted  the  packing  gland,  the  Instructor  will 
inspect   your  work.  w^aa 

Uri  V*'   K(4ii  i  jimt«n  L  Accessories 

I.        Inspect  an  operating  electric  motor. 


9. 
10. 
11. 
12. 


an 


3. 


2. 


-Circle  One- 

a.      Is   tht^rw  any  unusual   noiso  in   the  motor?     YKS  NO 
»).     Doos  the  shaft  wobble  or  shake?     YKS  NO 

c.  Is   the  motor  securely  mounted?     YKS  NO 

d.  Is   tlio  motor  housing  ovorhnatod?     YHS  NO 

c.      Ar.i   there  any   sparks  coming  out  of   the  motor?     YKS  W) 

grass?  '"?ErNo''"''  '"'^^ '  "-"^  ^^"^  «  and 

g.  Does  the  motor  have  an  oiling  hole  or  grease  zert?     YES  NO 

h.  Is   there  exposed  or  naked  wire?     YES  NO 
Inspect  the  coupling  between  the  motor  and   the  pump. 

a.     What  absorbs  the  shock  of  starting  and  pumping  variations? 


b.     What  wrench  is  needed   to  loosen  this  coupling  from  the  shaft? 


—  ^  '^^^^^^^'^^^  ^Muoti.    pp-wpnv  


Unit  Failure 

If  the  unit    fails,    use  the  following   troubleshooting  guide. 

TROUBLESHOOTING  GUIDE 

PRdBAHLE  CAUSE 


Pump  not  primed.    

Reprime. 

Pump  not  up  to  speed*  nw^^b-  * 

^  Check  for  incorrect  motor  voltage 

and  motor  overload . 

f)is(:hargo  hoad  hoyond  pump  Al  tr-r  ^nc^^o^^ 

bhutoff.  Alter  installation  or  providf^  pump 

suitable  for  higher  pressure, 

Kxcosslvo  suction   lift  « 

iitt.  Reduce   lift:      use  larger  suction  pipc^ 

Incorrect  direction  of  rotation.  Reverse  rotation. 

Insufficient  positive  head  on  n^r^ 

suction  for  hot  liquids.  '^ive  pump  more  submergence,  simplify 

^  increase  size  of  suction  piping. 

Footvalve  too  small.  d 

Replace  with  adequate  size  footviLlve. 

Strainer  clogged.  Clean  out. 

Worn  wearing  ring  or  damaged   impeller.  Ror.r^r.H^*^  « 

.  b         mpeiicr.  Recondition  or  replace  worn  parts. 

High  spot  or  air  pocket  in   surtlon   i  ^  n*a  ^ 

;  ^  suction  line.  Repipe  to  pump  suction  to  eliminate 

^   loose  and  high  spots. 

^;::i^^^^i^frrTrt  nurmosgt^  prime  AFTER-sTMrmi    

Reduce  lift:      use   larger  suction  pipe 

Air  loaks  in  suction  line.  rh^r^u 

Check  joints,  make  up  tight  with  pipe 
joint  compound. 
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Comploto  tht;   tol  lowing  s tat omori t a : 

What  Should  be  -the   first  step  in  shutting  down  a  hot  water  holler? 

t';;:  Td  tZY  "^''^  circulation  he  maintained  through  the  boiler  wh.n  shutting 
boUe^?'""'""   "  -^--'^  f-sh  water  h.  run   through  the 

What  would   be   the   first  procedure  to  follow  when   filling  .   ,.ot  water  system? 

HOW  .uch  water  should  be  added  to  the  expansion  tank  when  filling  the  system? 
When  .shoulr.  you  begin  venting  air  fron  a  hot  water  system? 

fire^rnitlL VerftJon?'  ''''''   ^^'^  ^'^'^"^  — ^   ^^-"^  starting 

When  performing  a  preoperational   inspection,   the  piping  system  should  be  checked 

for 


Tol  TrTl  ope"r:t'Lns?'''  ^  '^^'^^^  tonperaturo   than  anticipated 

oSe^a^Ionf accomplished  on  a  newly  installed  system  after  two  days  of 

How  often  should  a  hot  water  system  that  has  been  flushed  and  vented  be  drained? 
What  will  a  stoppage  in  the  system  cause? 

What  will  happen   if   the  water  temperature  gets   too  ht^h? 
What  can  happen  if  the  water  temperature  gets  too  high? 

if  the  system  pressure  fluctuates  or  pulsates  rapidly,  what  should  you  check? 
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This  study  guide  was  designed  to  guide  you  through  your  study 
assignments  in  the  most  logical  sequence   for  easy  understanding. 
The  supplementary  information  section  contains  additional  material 
required  to  keep  you  up  to  date  in  this  subject.     Answer  the  self- 
evaluation  questions  so  you  will  better  understand  and   retain  th»^ 
material  you  have  studied. 
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EXPLANATION  OF  TERMS 

ABNORMAL — Not  norma  1 . 

ABSORBENT — Ability   to   soak  up. 

ACCESS — Permission  or  ability  to  enter. 

ACCUMULATIONS — Col lections . 

ADHERING — Sticking, 

ADJOINING — Next  to,  beside. 

ADJUST — Regulate. 

ADJUSTMENT — To  regulate. 

AFFECTING — To  Influence. 

ALIGNMENT — Putting  into  precise  position. 
ALLOY — Mixture  of  base  metals. 
ALTERNATING — Changing  back  and  forth. 
ANNUALLY — Once  a  yoar. 
APPROACHES — Entries,    getting  closer. 
APPROPRIATE — Right  or  correct. 
APPROXIMATELY — Abou  t ,    a imos  t ,   c 1 ose . 
ARRANGEMENT — Having  been  put  In  order. 
ASBESTOS — A  fire  resistant  material. 
ASSEMBLED — Collected,   put  together. 
ATMOSPHERE — Air 

AUTHORIZED — Officially  allowed. 
AUTOMATIC — Self  acting. 

AUXILIARY  EQUIPMENT — Extra  equipment  necessary. 
AVAILABILITY — To  have  close  to  use. 

BAFFLES — Used  to  direct  flow  of  gases,   steam  or  water. 
BASICALLY — Fundamenta 1 . 

BELLOWS--Expandable  device  used  in  traps,   valves  and  controls. 
BIMETALLIC — Composed  of  two  different  metals. 
BLOW — To  send  a  current  of  air. 
BLOWDOWN — Discharge,    drain  partial  ly . 
BLOWER — Fan. 

BLOWING — Act  of  moving  air.  625 
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BLOW  OFF-~Blt->wdc>wa. 
BODY- -The  main  part. 

BOIL — To  heat  to  the  boiling  point. 

BOILRU — Rnclosed  vessel  used  to  generate  steam, 

BUKKaiING-    iJottom  of  a  pulley  block. 

BUICKWOUK — Work  of  or  with  brick. 

BURNHH — Part  of  boiler  which  produces  flame. 

BYPASS — To  go  around. 

CALIBRATK/CALIBRATION — Find,   change  or  mark  of  graduation. 
CAM-ACTUATED — Operated  or  controlled  by  a  cam. 
CAP A BLR — Able  to. 

CAPACITY--Measure  of  content,   maximum  output. 
CAPILLARY--Small  bore  tube  used  to  transmit  pressure. 
CASING--Body . 

CASTABLR — Able  to  be  molded. 

CAULKED- -Stopped  up,   sealed  against  leakage. 

CENTRIFUGAL--<joing  to  acting  in  a  direction  away  from  a  center  or  axis. 
CERTIFIEi:)--Authorized  by  a  certificate. 
CHAMBER — Cavity  or  compartment. 

CHARACTKRISTICS--Trai ts,   qualities  or  properties. 

CIRCULATE — To  move. 

CIRCULATK   ' — The  movement  of. 

CIRCULATOR — That  which  causes  to  circulate. 

CLASSIFIED — Divided   into  classes. 

CLINKERS — Stony  matter  fused  together. 

COMBINATION--TWO  or  more. 

COMBUSTION — Burning. 

COf!MKRC[AL — Used  for  or  by  business. 

COMMUNICATION--Excliange  or  express  thought,   ideas,   opinions  or  feelings. 
COMPENSATE — Make  up  for. 
CO^!PONENTS — Parts  of. 

COMPRESSION — Squeezing  or  compacting  with  power. 
CONDENSATE/CONDENSE — Steam  turned  back  into  water. 
CONDITIONS — Provisions  or  working  status. 
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CONDUCTIVITY — Degree  of  ability   to  transmit  electricity • 

CONDUIT — Tube  in  which  pipes  or  wires  are  run, 

CONNECTKD/CONNECTIOISf — Attach  to. 

CONSI STENCY- -Th  i  ck  ness. 

CONSTANT- -Always  or  lasting. 

CONSTRUCTION — Made  or  made  of. 

CONSUMER/ CONSUMI NO — User ,    us I ng . 

CONTACTS — Electrical   touching  points. 

CONTINUOUS — Always  or  lasting. 

CONTRACT I ON — Sh  r  i  nkage . 

CONTROL — Having  power  over. 

CONVERTERS — Device  used  to  change  heating  mediums   (i.e.,    steam  to  water). 

CORRESPONDING — To  be  equivalent  or  parallel. 

CORROSION — Act  of  eating  away  by  degrees. 

CYCLE — A  sequence  of  a  recurring  succession  of  events. 

DAILY — Once  a  day. 

DAMAGE- -Destroy  or  destruction. 

DAMPERS — A  plate  used  for  regulating  the  ;:^ow  of  air  or  gases. 

DEAERATE/DEAERATING/DEAERATION — Removal   of   air  from  water. 

DEAERATOR — Device  used  to  deaerate  with. 

DECREASE — To  lesson  or  make  smaller. 

DEFECTIVE — Not  as  It  should  be. 

DEMAND--Requlrement. 

DEPOSITS — Collections  of. 

DESIGN — Plan  or  purpose. 

DESIGNATED — Picked  or  chosen. 

DIAGRAMS — Simplified  drawings. 

DIAMETER — A  straight   line  through   the  center  of  a  circle. 

DIAPHRAGM — Thin  membrane  divider  or  partition. 

DIFFERENCE — Sum  of  subtraction. 

DILUTION — Act  of   reducing  strength. 

DIMENSIONS — Measurements  of  an  object's  shape. 

DISCHARGE/DISCHARGED — Remove,    throw  out. 

DISCUSS — Talk  about.  627 
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DISMANTLK — Take  auart, 

nrsS()LVF:--To  <*auso  to  <ii«p«rse  or  pass  into  solution. 
niSTKinUTbriVOISTHnUITroN — Convoy,   give  out  or  supply   portions  of, 
DOW NW Aim- -From  a  higher  place  to  a  lower, 

ECONOMIZKP--Closod  feedwater  heater  using  hot  stack  gases  as  a  heating  medium. 
RFFICr  KNCY/EFFICr  b:NT--Measarement  of  operation  or  ability. 
ELKCTRICAL — Pertaining  to  electricity, 
EIjKCTRONTC--Portalnlng  to  electronics. 

part  or  piece  of, 
RMKU(tKNCY--Presslng  need  calling  for  Immediate  action, 
EQUALIZE — To  make  equal. 
EQU I L  in  U IIJM — Ha  1  a  nc  e , 

EQUIPMENT — Implements  used  in  an  operation  or  activity. 
ESTABL I  vSHE!)- -Instituted ,    recognized . 
EVAl^llATE — To  examine  and  judge, 
EXCESSIVE — Going  beyond  a  limit. 
EXHAUST — Already  used  once. 

EXPANn/EXPANI)KD/EXPANSlON--Increase  in  size  or  volume. 
EX  l>  l.OS  I  CMS-  -Violent  outbursts, 
EXIHDSEI^ — Uncovered  or  unprotected, 
EXT  K  HNA  L — Ou  t  s  id  f  ? , 
EXT  R  KM  E  — Ma  x 1 mum , 

FACILITIES — Something  built,    installed  or  'established  to  serve  a  purpose. 
FAILURE — Falling  short. 
FEATURE — A  Special  attraction. 

FEKDWATER — All  water  put  or  to  be  put  into  a  boiler. 

FIUEBOX--Chamber  that  contains  a  fire. 

FIHERRICK--Used  to  build  furnace  refractories. 

FITTINGS — Various  controlling  devices  Installed  on  a  boiler. 

FLAS1IING--Rapid  conversion  of  hot  water  to  steam  due  to  a  pressure  drop. 

FLKXIBLR — Boiidable  or  pliable. 

FLUCTUATION--Changlng  from  a  norm. 

FORCEO-^Done  or  produced  with  effort. 

FROST  LINE — Depth  to  which  the  ground  freezes. 
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FUNCTION/PUNCTrONING--Work,   perform.  ( 
FURNACE — Where  initial  combustion  and  burning  of    fuel    takes  place. 
FUSIBLE  PLUG—Brass  plug  with  tin  core,    used  as  a   low  water  alarm. 

GASES— Mixture  of  carbon  and  oxygen  produced  and  given  off   in  the  burning  process. 
GASKET—A  ring  of  material   fitted   tightly  around  a  Joint   to  keep  it   from  leaking. 
GENERATE/GENERATRD--TO  make  or  produce. 
GRADUATED — Marked  with  degrees  of  measurement. 

GRAVITY — Force  that  draws  objects  toward  the  center  of   the  earth. 
HAND-HOLE— Hand  sized  orifice  in  a  boiler  to  facilitate  maintenance. 
HARMFUL^-Damaging,  injurious. 

HEADER — Pipe  or  tube  shared  by  two  or  more  boilers,   objects  or  devices. 
HEATING — The  act  of  increasing  the  temperature. 
HORIZONTAL — Parallel  to  the  horizon. 

HYDRAULIC — Operated,  moved  or  effected  by  a  liquid;    i.e.,   water  or  oil. 

HYDROSTATIC  TEST—Pilling  boiler  with  water  to  a  pressure  one  and  one-half  times  the 
safety  valve  setting.  i-i-mf..->  rnc 

IGNITION — Act  of  setting  on   fire.  ^ 

ILLUSTRATED/ ILLUSTRATES — Drawn,   pictured  or  shown. 

IMPINGEMENT — Encroachment  or  infringement . 

IMPORTANT — Having  much  meaning  or  value. 

IMPRACTICAL — Not  practical. 

INADEQUATE — Not  enough  or  not  good  enough. 

INCHES — Units  of  measurement  equalling  1/12  of  a  foot. 

I NCORPORATE — Uni  t e . 

INCREASE — Add  to. 

INDEFINITELY — Unknown  amount  of  time. 
INDEPENDENT — Not  depending  on. 
INDICATE/INDICATING — Point,    direct  or  show. 
INDUCED — Sucked  up,   brought  on. 
INDUSTRIAL — Relating  to  industry. 
INFORMATION — Communication  of  knowledge. 
INJECTOR — A  unit   to  force  water  into  a  boiler. 

INLET — Entry.  /?  o  ' 

INSPECT/INSPECTION — To  check  or  look  carefully. 
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INSTALL/ 1 NSTALLRD*- --To  set  up   for  uso. 

INSTALLAIION — Air  Force  bases  or  properties  which  contain  heating  equipment. 
INSTRUCTIONS — Procodu r.^^a. 
INSULATE/ INSULATION — Protect  or  cover, 
INTELLIOENi- — Able  to  und3rstand. 
TNTRf.RATR/TNTFT.RATKn — Ml  j  together. 
INTERFERE — To  hinder. 
^      INTERMITTENT — Coming  and  i;oing  at  intervals. 
I  NT BRN AL — I n s id e . 
INVERTED — Upside  down. 
IRRESPKCTIVK--Wi thout  regard. 

ISOLATING  VALVE--Valve  used  to  separate  a  device  from  the  main  flow. 

JURISDICTION — Control  or  authority  over. 

LAMINATIONS — Layers  of  'oonded  materials. 

LATTER — Relating  to  the  last  or  more  recent. 

LETHAL — Deadly . 

LIMITATIONS — Limits. 

LINKAGE — SystOT  of  bars,    rods  or  links. 
LINTEL- -Threshold. 

LOCATED/ LOCATION — Indicates  place  or  site. 
LONGITUDINAL — Placed  or  running  lengthwise. 

LUBRICATE/LUBRICATED/LUBRICATION — To  make  slippery,   usually  with  grease  or  oil. 
MAGNESIUM — A  forr,^  or  type  of  insulation. 
MAINTAIN — To  keep  in  existing  state. 

MAINTENANCE — To  service  or  repair  a  piece  of  equipment. 

MALFUNCTION — Failure  to  operate  normally. 

MANUAL/MANUALLY — Worked  by  hand. 

MANUFACTURER — Maker. 

MASONRY — To  do  with  stone. 

MAXIMUM — Most  or  highest  limit. 

MECHANICAL — Operated  by  a  machine. 

MKCHANISM--Mechanical  operation  or  action. 

METER — Indicating  type  measuring  device. 

METHOD — Way  of  doing. 
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MINIMUM — Least  or  lorest  limit. 
MISALIGNMENT — Not  aligned, 
MIXTURE — State  of  being  mixed* 
MOISTURE — Wetness, 
MONTHLY — Onc'i  a  month. 

MCHTAR—Mixture  of  cerasnt  of  lime  with  sand  and  water  to  hold  bricks  together. 

MOVEMENT — Change  of  place,   position  or  posture. 

MUNICIPAL—Relating  to  local  government. 

NECESSARY — Needed . 

NIPPLE — Short  piece  of  pipe. 

NONCONDENSABLE — Unable  to  be  condensed. 

NON-RETURN  VALVE — Valve  permitting  flow  only  in  one  direction. 
NORMAL — Average. 
OBSERVATION — Watching. 
OBTAINED-- Got  or  received. 

OPERATE/OPERATING/OPERATION/OPERATIONAL — Relating  to  work. 

OPERATOR — One  who  operates. 

OPTIMUM — Best. 

ORIFICE — Hole  or  opening. 

OUTLET — Exit. 

OXYGEN — A  gas  without  color,   taate  or  odor,  and  is  a  chemical  element  (O2). 
PACKAGE — Moderate  sized  unit  with  all  essentials. 
PASSAGE — Channel,   course,   tunnel  or  corridor. 
PENETRATE — Pass  into  or  through. 

PERCENT — Reckoni^d  on  the  basis  of  a  whole  divided  equally  into  one  hundred  parts. 
PERFORATIONS — Holes. 
PERFORM — Do. 

PERIOD ICAi.LY — Fixed  intervals  between  set  times. 
PERMANENT — Fixed  or  lasting. 
PERMI SSIBLE — Al  lowed . 

PERSONNEL — People  of  a  unit  or  group. 

PISTON— A  sliding  piece  moved  by  or  moving  against  a  liquid  or  gas. 

PLASTIC  FIREBRICK — Unburned  brick  that  can  be  shaped  to  form  refractory  linings. 

PNEUMATIC — Operated  by  air. 
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POSITION--riaco  or  posturo.^ 

POSITIVE  DISPLACEMENT — Equal   reaction  to  an  action. 
POUNDS — Unit  of  weight  measurement  equaling  16  ounces. 
PRECAUTION--T0  be  on  one's  guard. 
PHEFABRrCATKI) — Al  ready  made. 

PREHEATKRS---r:qulpment  used  to  boat  something  before  it  is  used. 
PRELIMI NARY — Something  that  precedes. 
PREOPERAT ION/ PREOPERATIONAL — Before  operating. 
PRESSURE — Force  exerted. 

PREVENT/ PR EVENTING — To  stop  from  happening. 
PRIMARY — Main. 

PRIMING — Filling  with  water. 
PRINCI PAL--Most  important. 

PROCEDURE — Steps  followed  in  a  definite  order. 

PROGRAMMER — Controlling  device  used  on  boilers. 

PROJECTING- -Going  beyond. 

PROLONGED — To  lengthen  the  time  of. 

PROPER — Right  or  correct. 

PROTECTION — Guard  against. 

PROVIDE- -To  supply  or  nupport. 

QUALIFIED — Compiled  with  the  specific  requirements. 
QUALITIES — Peculiar  and  essential  characteristics. 
QUARTERLY — Four  times  a  year,    three  months  or  90  days. 
QUESTIONABLE — Doubtful . 
RECOMMEND — To  attract  favor  to. 

RECTIFICATION/RECTIFYING — To  make  unidirectional. 
REnUCE/REDUCING/REOUCTION — Decrease  or  make  smaller. 
REFRACTORY- -Heat  resisting  nonmetallic  ceramic  material. 
REGENERATIVE — Ability  to  form  or  create  again. 
RBGULATE/REXjULATING/RBGULATOR — To  control  the  flow  of. 
RELAY--Electrlcal  device  used  to  delay  the  flow  of  cur^rent. 
REMOVED — Taken  away  from. 
REPAIR — Fix  or  put  back   Into  condition. 
REPLACE/ REPLACEMENT — Substitute! 
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RBQUIRE/REQUIRED/REQUIREMENTS— Needed  or  essential. 
RESIDUE — Remains  of. 
RESISTANCE — Opposition  against. 
R  ESP I RATORY — Breath 1 ng . 
REVOLVING — Turning  around  on  an  axis. 
RIVETED — Fastened  or  united  with  rivets. 
ROTATION~The  turning  of  a  body  on  an  axis. 

SAFETY — Condition  of  being  safe  from  or  causing  hurt,   injury  or  loss, 
SCANNER — Control  component  used  to  sense  flame. 
SEDIMENT — Settlings  of  impurities. 
SEQUENCE — The  order  of  progression. 

SETTING(S) — Matcjrial  that  covers  an  inside  surface  of  a  boiler  furnace, 
SHALLOW — Opposite  of  deep. 
SHRINKAGE — Amount  of  decrease  in  size. 
SIMULTANEOUSLY- «At  the  same  time. 

SOLUTION — Liquid  containing  a  dissolved  substance. 
SPALLED/SPALLING--The  flaking  and  chipping  of  brick  surfaces. 
SPECIFICATIONS/SPECIFIED^-Detailed  precise  presentation  of  something, 

STANDARD—Some thing  established  as  a  rule  for  measuring  quantity,  weight,   extent,  value 
or  quality. 

STATIONARY — Fixed  ,    immobi 1 e . 

SUFFICIENT/SUFFICIENCY-- Enough. 

SUPERHEATER--Tubes  in  steam  boilers  that  add  extra  heat  to  the  steam  before  exiting  the 

SUPERVISOR — Administrator  in  charge  of. 
SUSPENDED — To  maintain  from  falling  or  sinking. 

SYSTEM(S) — Regularly  interacting  or  interdependent  group  forming  a  unified  whole. 
TAPERED — Becoming  gradually  smaller  toward  one  end. 

TEMPERATURE—A  measurement  of  heat  in  degrees  Fahrenheit  or  Celsius. 
THERMODYNAMIC — A  steam  trap  operated  by  the  dynamics  of  heat. 

THERMOHYDRAULIC— A  feedwater  regulator  operated  by  expansion  and  contraction  of  water. 
THERMOSTAT IC~A  feedwater  regulator  operated  by  the  expansion  and  contraction. 
THICKNESS—Measureraent  from  one  side  through  to  the  other. 
THOROUGHLY — Completely . 

THROTTLING — To  prevent  or  check  activity  of. 
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TinuHN'K — notary  tMigl  nf-  jictuatod  by  the  reaction  or  Impul:..)  of  a  current  of  eiuld  or  gas. 
TYPICAL. — Common. 
UNCONDKNSED — Non  condensed. 
UPWAim — From  lower  to  higher. 
VACUUM — Devoid  of  matter. 

VALVK---Mochanlcal  dc'vlco  used  to  stop  or  permit  the  flow  of   fluids  or  gases. 

Vf:NTlUTH:/VKNTILATlON--To  air  out. 

VERIFICATION — Act  or  process  of  confirming. 

VEUTICAL--In  an  upright  or  up-and-down  motion  or  position. 

VIBRATION? — Periodic  motion  in  alternately  opposite  directions. 

VOLTAGR--Uni t  of  electrical  potential  or  potential  difference. 

WATRK — Contains  two  parts  hydrogen  and  one  part  oxygen,  e^cpressed  as  H2O. 

WATER  COLUMN — A  steiim  boiler  external  fitting  used  to  prevent  fluctuations  of  water  in 
the  gauge  glass. 

WITHDRAWING — Taking  out  or  away. 

YKARhY — Once  a  year. 
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TIIKOUY  OV  OlM'lllATION  AND  CONSTRUCTION  OF  STEAM  IlKATING  SYSTEMS 

DIMIK^TI  VKS 

(iivon    .  rU  OniiM  t  ion ,    IdiMUlly   principles  concerning   theory  of  operation  and 
tM)nst  nir  1. 1  on   r(»a:urt»s  ot   st<»am  boating  systems  with  70%  accuracy. 

(;iv(?ii   information,    idi^nliry  the  procedures  for  removing  and   installing  boilers  with 
7()ro  accuracy. 

(liven  information,    identify  basic  facts  about  couiponents  of  feedwater  system  with 
70^  accuracy. 

Given  information,   determine  procedures  for  installation,   operation  and  maintenance 
of  reciprocating  pumps  with  80!o  accuracy. 

Giv<»n   information,   determine  step-by-step  procedures  for  operating  and  servicing 
prt»ssuro/t<Mnpt^r:it.ur(?  recording  equipment  with  80^  accuracy. 

Given  information,   operate  and  service  draft   indicating  and   regulating  equipment 
with   instructor  assistance. 

Given  information,  perform  service  of  flow  meters  and  recorders  with  instructor 
assl stance. 

Given   information,    troubleshoot  boiler  flame  control   system  with  instructor 
assi  .sta nee. 

INTRODUCTION 

You  will  want  to  do  your  Vjest  as  a  heating  systems  specialist.     You  will  be 
inter(^st(?d  in  the  information  in  this  block.     Whr.c  you  learn  here  may  save  your  boiler 
and  your  1  i  f(? . 

INFORMATION 

CENTRAL  HEATING  PLANTS 

A  eiMitral   hc^atinfi   plant,  is  sin  assembly  of  coordinated  equipment  used   to  supply  the 
htMit  MtM*de(i   to  mt>t>t  Job  retiui  remen  ts.     Reat  is  generally  delivered  as  hot  water  or  steam 
and   is  used   to  warm  buildin^^s  or  groups  of  buildings  and  to  supply  hot  water  and  steam 
to  hospitals,    laundries,   dininj^  halls,   dry  cleaning  plants  and   industrial  installations. 

There  are  two  main  types  of  central  heating  plants:  the  high  temperature  water 
(HTW)  plant  which  produces  hot  water  for  heating  and  the  steam  plant  which  produces 
steam  to  supply  the  required  heat. 

Steam  plants  are  the  most  common  types  of  plants  used  in  the  Air  Force.     To  discuss 
st(*am  plants  we  must   first  find  out  what  steam  is. 

FUNDAMENTALS  OF  STEAM  GENERATION 

To  acMiuaint  you  with  some  of  the  fundamentals  of  the  process  of  steam  generation, 
Hupp«)!st?  tluit  you  set  an  open  pan  of  water  on  the  stove  and  turn  on  the  heat.     You  will 
find   that   tin?  hrit  causes  the   temperature  of  the  water  to  increase  and,    at  the  same 
tim<!,    to  expand   in  volume.     When  the  temperature  reaches  the  BOILING  POINT  (212*F,  or 
lOO^C,   at  soa   level)  a  change  occurs  in  the  water;   the  water  starts  vaporizing.      If  you 
liold   the  temperature  at  boiling  p>otnt  long  erough ,    the  water  will  continue  to  vaporize 
until   the  pan  is  dry.     Now  a  point  to  remember  is:     THE  TEMPERATURE  OF  WATER  WILL  NOT 
INCKh'ASl!:  lUiYOND  THE  BOILING  POINT.     Even  if  you  add  more  heat  after  the  water  starts  to 
boil,   the  water  will  not  get  any  hotter,   as  long  as  it  stays  at  the  same  pressure. 
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But,   suppose  you  place  a  close-fitting    lid  on  tho  pan  of  builini-  water.     ri.e  111 
prevents  the  steam  escaping  from  the  pan.   and  this   rosults   in  a   buildup  of  prossur.. 
Inside  the  pan.     However,    If  an  opening   is  made   in   the   lid.    stoam  wi  1  i    .«„ciipo  at  tho 
same  rate  It  Is  generated.     As  long  as  any  water  romaiius   In  the  pan,   and  as   lonu-  as  the 
a^d^IJual constant,    the  temperature  of   the  water  and  steam  will    .Hmiii  r,  c-.onKtaiVt. 

The  steam  boiler  operates  on  the  ssamo  basic  principle  as  a  closed  ooiitaiiier  ol 
boiling  water.     By  way  of  comparison,    It  is  true  with   the  boiler  as  with   the  closed 
container,   that  steam  formed  In  boiling   tends  to  push  against   the  watf^r  and  sides  of  the 
PXrpli'^f  *^^f  ^""""^'f  pressure  on  the  surface  of   the  water,    a   temperature   1  n'' 

EXCESS  of  212  P  Is  required  for  boiling.     The  higher  temperature   is  obtained   simply  by 
increasing  the  supply  of  heat.     Bear  In  mind,   therefore,    that-     AN   INCliHASK   IN  PRKSSiilu* 
MEANS  AN  INCREASE  IN  BOILING  POINT  TEMPERATURE.  iiNUKi.Abl,   IN  1  Rl.S.SUlU. 

It  is  simple  to  determine  the  temperature  of   the  water  once  you  know  the  steam 
pressure.     First,   you  determine   the  square  root  of   the  steam  pressure;    then  multiply 

^  constant   number  of   198.      For  example,   when   tlio  steam  pressure,  is 

100  pounds  per  square   inch  of   the  gauge   (pslg),    the  square  root    Is   10-      When    10  is 
applied   to  the   formula,    tht;  wat(>r   temperature   La  a.'JB-F.      (10  x   11    +    1!)K  -  :i;iH). 

The  basic   principle  of   boiler  operation  and  construction   features  ait.    facts  thil 
you,    as  a  heating  specialist,   must  understand  since  the  boiler   is   the  main  unit  of'  the 
central  steam  plant. 


BOILER  CONSTRUCTION  FEATUllEI 


The  boiler  is  the  main  unit  of  a  central  steam  plant.     Every  other  piece  of 
equipment  is  subordinated  to  the  boiler  and   its  function  of  boiling  water  at  the 
required  pressure  to  produce  steam.     A  boiler  is  composed  essentially  of   two  main  parts- 
the  furnace  in  which  fuel-combustion  takes  place,    and  the  pressure  parts  which  contain  ' 
water  and/or  steam.     Figure  1   Illustrates  a  cutaway  view  of  a  boiler  showing  furnace 
pressure  parts,   feedwater  inlet,   steam  outlet,  etc. 


Figure  1.     Horizontal  Return  Tubular  Flrc;tube  Boiler 
Furnace  Construction 

Furnace  design  is  Important  for  the  efficient  combustion  of  a  fuel.      its  vo I umo 
(combustion  space)  determines  the  time  available   for  complete  combustion;    its  shape  can 
hexp  promote  turbulence. 
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l>oiiK^   lurtiao.cs  have   relruclory  arches  and/or  bridges  that   reflect  heat  and  maintain  a 
hii;h   ti»m|H?ra t uiM»   In  spud  fie  zt>nos.     The  heat   release   in  BTUs  per  cubic   foot  of  furnace 
vohnm*  nuLst  ht    ki»|)t  with  t^o.onom  i  ca  1    limits.     These   limits  depend  on   the  nature  of  the 
runmiM'  Hc»ttlnr,   (  <mu*.1  os  I  n^^  wulls)>    boiler  hcatint;  surfaces  exposed   to  radiant  heat, 
nature  uf   tht»   luol,   and   type  oL  firing. 

Furiuice  settings  may  consist  of  all   solid   refractor  walls,    refractory  air-cooled 
walls,  a  combination  of   refractory  and  water-cooled  walls,   and  water  walls  when  the 
boiler  he;    ing  surface   form  the  entire   furnace  wall.     High  temperature  adversely  affects 
refractory  materials;    therofort?,    refractory-wall   furnaces  are   limited  to  operations  in 
wliich    low  lieat   is  released. 

Pressure  Parts 

Pressure^  parts  are  the   totally  enclosed  metallic  sections,    compartments,   or  tubes 
wliich  eon  ta  i  n  st<»am  or  water.     They  must   be  strong  enough   to  withstand  continuously  the 
maximum  pri^ssutM?  and    tempcjrature   for  which   the  boiler   Is  designed.     These  sections 
eomprist*   the  drums,   hoaders,   waterboxes,    tubes  and  waterwalls. 

Tubtjs  and  drums  are  used  as   the  principle  pressure  parts   largely  because  of  their 
case  of  manufacture  and   tlie  characteristic  of  a  cylinder  as  such   that   it  has  maximum 
strength   for  minimum  material    thickness.     Tubes  can  be  bent   readily  and  arranged  in 
groups  which  give  effective  hetat  absorption  and  minimum  cost. 

UKUMS.      Boiler  drums  are  divided   into  two  types:     steam  drums  and  mud  drums. 

STL:aM  drums.     The  steam  drum  is  always   located  at  the  top  of  the  boiler.     It  is 
cylindrical   in   shape,   and  (except   in   some  heater-type  boilers)   it  runs   from  the  front  of 
the  boiler  to   the  back.     The  steam  drum  provides  a  space  for  the  accumulation  of  steam 
generated   in  the  tubes  and   for  the   separation  of  moisture  from  the  steam  and  it  serves 
as  a  storage  space  for  boiler  water,   which  is  distributed  from  the  steam  drum  to  the 
downcomcr   tubes.      (In   normal  operation,    the  steam  drum  is  kept  about  half  full  of 
water.)    In  addition   to  these  basic   functions,    the  steam  drum  either  contains  or  is 
connoctcjd   to  many  of   the  important  controls  and   fittings  required  for  the  operation  of 
the  boilor.      (Set?   figure  2.) 


BURNERS 


LOWER  SIOeWALL  HEADER 


Figure  2.     Water  Tube  Boiler 
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MUD  DRUMS,     The  mud 
and  provide  a  place  for 
water •     This  sediment  " 
blowdown  valves.  Mud 
steam  drums.     (Figure  2) 


TUBES. 


^^'^  distribution  of  water   to   tuo  ^u^neratinr.  tubT 

in^S^i''^?^  ^"^'^^^  ''""'^   ^^^^^^^'^   ^^^l^^i  "^^^t:tor   in  tho 

remo  od  from  the  mud  drums  by  pe  riodic  operation  of  the  hot  torn- 
•ums  are  cylindrical  in  shape  and  considerably  nmaller   than  t»io 


Box.     Box-headers  are  like  sectional  headers 
except  that  two  flat  boxlike  headers  replace 
the  individual   sectional  headers.  These 
boxes  are  made  up  of  steel  plates  into  which 
the  tubes  are  expanded. 

Internal  Fittings  (Figure  4) 

INTERNAL  FEED  PIPE   (Figure  4).  The 
internal   feed  pipe  runs  the  full    length  of 
the  stam  drum.      It  is  Installed  in  the  water 
space  near,   but  not  touching,   the  bottom  of 
the  drum.     One  end  of  the  internal   feed  pipe 
connects  through  either  the  front  or  the  rear 
drum  head  from  the  boiler  feed   line;   the  other 
end  is  blanked  off.     The  feed  water  flows 
from  the  feedwater  heater  into  the  feed  water 
pipe,  and  is  distributed  evenly  throughout 
the  drum  by  way  of  holes  in  the  feed  pipe. 
These  holes  are  drilled  along  the  entire 
length  of  the  feed  pipe;  they  are  on  the 
upper  side  only,   so  that  tiie  feed  water 
discharges  upward  rather  than  downward. 
This  arrangement  has  two  main  advantages: 


K^ii*.^     .   ^.^'^^^^^  tubes  are  always  desl^natea  by  outside  dlamctor. 
S?aie?lrf^  '^'^  ^^"^"^^      ''^  ^^^^  ^"^^  boilers,    tubes  aro  d.s 

Boiler  tubes  are  installed  with  ends 
projecting  twice  the  tube  wall  thickness 
through  the  tube  sheets.     Projecting  ends 
are  flared  slightly  in  water  tube  boilers 
and  are  left  that  way  because  they  are  sur- 
rounded by  water  or  steam.     Since  tube  ends 
of  a  fire  tube  boiler  are  surrounded  by  hot 
gases,   they  would  soon  burn  off  if  allowed 
to  project.     Therefore,   they  are  beaded  and 
hammered  until   they  are  flat  against  the  tube 
sheet.     The  process  also  increases  the  holdine 
power  of  the  tube. 

HEADERS.     Headers  are  used  in  waterwall 
construction  to  connect  groups  of  tubes. 
They  are  usually  formed  of  heavy  wall  tubing 
or  pipe,  but  may  be  forged.     Figure  3  illus- 
trates some  typical  header  types.  Headers 
are  divided   into  two  groups,   box  and  sectional. 

Sectional.     A  hand  hold  opposite  the  end  of 
each  tube  permits  installation,  cleaning  and 
inspection.     Each  section  is  connected   to  the 
steam  drum  by  expanded  and  flared  tubes.  A 
mud  drum  is  connected  by  short  nipples  to  the 
bottom  of  each  of  the  rear  header  sections. 


Mos  t  wa  tt»r  tubn 
i  [\ii'A  tiuJ   by    i  ns  i  ti<v 


^1 


"if-.'CTIOrjA', 


9999C 
999M 
^9999 
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Figure  3.  Hoaders 


—  The  incoming  feed  water  causes  the  least  possible  interference  with  thi«  nuturall 
circulation  of  water  in  the  boiler  when  it  discharrcs  upward?  natural 

I«^,.r*'^T*^''°^.^  °?"^    incoming  water  is  directed  away    from  i.i,.-  ..ilr.-.m  ,l,um 

metal,   Jn  ord.jr  to  roduce  the  possibility  of  HottInK  up  im-L:.l   -il  r.v..;. 


ERIC 


'"V  638 


MUUrACK  lU.oW  I. INK  (bMgurt?  -1)     Thu  surface  blow   line   is       perforated  pipe  which,  like 
th(?   iiitijrnul    l\»ijd  pipe,   <?xt(?nds   the.   full   length  of   the  steam  drum.     It  is   located  about 
hJiir  ;in   inch  below  tht»  normal   water   levels     The  holes   in  the   lino  are  located  along  the 
upper  side  only. 

Thi>  surface  blow   line  is  used   to  remove  grease,   scum,   and   light  solids   from  the 
b()il<»r  watt»r.     ()n<»  end  of   the   line   Is  blanked  off,    the  other  is  connected  through  the 
drum   Lo   Iho  jiiirraoe  blow  valve*.      In  some  older   types  of  boilers,   a  shallow  scum  pan  is 
ullaclU'd    uo   the  surface?  blow  liru». 

DUY   IM  pi;   (Ki^'.ure  4).     Tht;  dry  pipe  is  a  steel   pipe  about  5  or  G  inches  in  diameter. 
II   is    installcjd  :iloru;  the  ccMiterline  of   the  steam  drum,   and   runs  almost   the  entire 
UMM^lh  of    Iht?  drum.     IJotU  ends  of   the  dry  pipe  are  closed.     Steam  enters  by  way  of  holes 
or   slits  wli  i  cth  art?  cut  alon^   the  entire   length  of   the  upper  surface.       The  perforations 
are  ma(i(^   in  the?  upp(?r  surface  only,   so  that   the  steam  must  make  a  sudden  change  of 
direction   in  order  to  enter   the  dry   pipe-     Some  moisture  is   lost  when  the  steam  changes 
direction;   so  the  dry  pipe   is,    in  effect,   a  steam  separator.     The  steam  leaves  the  dry 
pipe  through   the  main  steam  outlet. 


A   —   STEAM  OUTLET 
B   —  DRY  PIPE 

C   —   SURFACE  BLOW  OFF  PIPE 
D   —    INTERNAL  FEEDWATER  PIPE 
E  —  STEAM  BAFFLE 


Figure  4.     Cross  Sections  Showing  Internal  Fittings 


Stays 

Flat  surfaces  of  a  boiler  are  held  in 
place  by  braces,   which  are  called  stays. 
The  most   important  types  of  stays  are  the 
l^usset,   di:ijj;(>nal,    through,    sling,   and  stay- 
bt)  Its. 

CiUSSKT   (Ki^O'ro  r> ) .     Tlie  gusset  stay 
<M)usists  of   otie  or   two  atigli?s    fastened  to 
«»u(!h  of   the  stay  surfaces  and  connected  by 
a  steel   plate.     They  are  very   rigid  and  some- 
times cause  undue  stress. 

DIAGONAL  (Figure  6).     Diagonal   stays  are 
normally  made  of  round  iron   flattened  on  one 
end  and  T-shaped  on   the  other.     The  T-shaped 
end   is  riveted   to  the  flat  surface  to  be 
supported  and   the  other  end  is  riveted  to 
the  shel I . 


5^  ^  ^^^^^^^^^^^^^ 

y/A  YA^.  ^  y//j  wt^>y—''' 


ANGLE  IRONS 


C-GG-0S2 


Figure  5.     Gusset  Stay 


1-5 


ERIC 


633 


SHELL 


C-OG-081 


Figure  6.     Diagonal  Stay 


Figure  7 


Mo  thuds 
Shot  I 


i^tuy,  Sliowinj;  Two  ^ 
<>  r    Kas  Lcn  i  \\\^  to 


TliUOUGH   STAYS    (Ki^Mirt>  7).  Throiu;h 
Stays  cxttMid    from  otu?    llaL   surfuct*  Ltl 
another.     One   type   is   threaded   and  llttcd 
and  a    lar^e  waslier  on  each 
type   is   threaded   on  one  tmd ; 
is  supported  by  a  pin 
two  an|;les   riveted    to  the 
head.      To  permit  water  c  i  rou  la  t  it)n  between 
the  head   and   angles,    they  are  separated 
with  spacers. 


with  two  nuts 
end .  Anotlier 
the  other  end 
connection  to 


SLINGSTAYS  (Figure  8).     Slingstays  and  radial   stays  are  similar.     They   have  a  pin 
joint  at  one  or  both  ends  to  permit  a  slight  movement  of   the  stayed  sheets. 


C  CU-04t 


Figure  8.      Inside  of  300  HP  150  psl  Firebox  Boiler,  Showing 
Slingstay  Bracing  of  Crown  and  Wrapper  Sheet 


STAYBOLTS  (Figure  9).     Staybolts  are 
short  through  stays  which  are  threaded 
through  the  tube  sheets  and  riveted  at 
the  ends.     A  3/16  Inch  diameter  telltale 
hole  Is  drilled  in  each  end  of  the  stay-- 
bolt:     Leakage  from  the  hole  Indicates  a 
broken  staybolt.     The  holes  may  be  drilled 
to  at  least  1/2  inch  beyond   the  Inside  of 
the  plate,  or  all   the  way   through  the  bolt, 
If  the  staybolt   i.s  over  8  Inches,    it  need 
not  be  drilled. 


640 


STAY  BOLTS 


C-66-084 

Figuru  U.  «l.ayboTts 
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naffles  rnay  i>o  broken  down   Into  two  different   types  depending  on  their  location  and 
USO4     Tho  two  typos  are:      gas  baffles  and  steam  baffles. 

(?AS  lUKKl.KS.     Gas  baffl(?s  art?  thin  walls  or  partitions  used    to  direct   the  combustion 
i^as(»s  (>v«?r  lUo  hiMitln^  sur  rac*^H  with  minimum  (iraft  loss  and  maximum  heat  absorption. 
They  may        constructed  of  either  refractory  material  or  metal.     Steel   gas  baffles  are 
used   in   low  tfmiporature  z;ones;    refractory  baffles,    supported  and  cooled  by   the  tubes, 
are  used  in  high  temperature  zones.      (See  figure  10.) 


STRAM  BAFFI.FS.      Steam  baffles  may  be  installed   inside  the  steam  drum  in  order  to 
direct   the   flow  of   steiun  or  water,    ensure  adequate  circulation  throughout   the  drum,  and 
prevent  violent  agitation  of   the  water.     Most  steam  baffles  are  removable. 

Stacks  and  Hreechlngs 

Stacks  are  necessary   for  discharging  the  products  of  combustion  at  an  elevation  high 
enough  to  comply  with  health  requirements,    and  to  prevent  nuisance  due  to  low  flying 
smoke,   soot,   and  ash.     A  boiler  needs  draft  to  mix  air  correctly  with  the  fuel  supply, 
and  to  conduct   the   flue  gases  through   the  complete  setting. 

The  air  necessary  for  combusti  a  of  fuel  cannot  be  supplied  normally  by  natural 

draft,    therefore,   draft   fans  may  be  used  to  ensure  that  the  air  requirements  are 

properly  met.     Three  types  of  draft  systems  used  on  boilers  are  forced-draft,  induced 
draft  and  balanced  draft. 

The   forced-draft   fan   forccjs  air  through  the  fuel  bed,   or   fuel  burner,   and  into  the 
riirnace  to  supply  air  for  combustion. 

The  Induceci-draf t   fan  draws  gases  through   the  setting,    thus  ensuring  their  removal 
through   the  stack.      Balanced  draft  is  a  combination  of   forced  and   Induced  draft  systems. 

BUKKCIIINCfS.      Breechlngs  are  used  to  connect   the  boiler  to  the  stack.     They  are 
usually  made  of  sheet  steel,   with  provisions  for  expansion  and  contraction.  (Figure 


HANDHOLLS 


Figure  10.     Cross  Section  of  Box-Header 


11.) 
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BREECHING 


FIRE  TUBES 


Figure  11.     Scotch  Typo  Package  Unit  Boiler 


TYPES  OF  BOILERS 

Steam  boilers  may  be  made  of  cast   iron  or  steel   and  arc-  normally    furLhor  tlasslfioa 
into  two  general   types:     fire  tube  and  water  tube. 

Fire-Tube  Boilers 

»'''l!®K*^^ boiler's  tubes  are   filled  with   hot  gases  and  surroundi-d   by  water. 
Fire  tube  steam  boilers  are  easier  to  operate  and  clieapcir  than  water   t.ubc  boilers.  Thev 
can  also  use  a   lower  quality  of   feedwater.      However,   deslKn    limitations   restrict  their 
use  to  relatively  small  capacity.     There  are  many   types  of    llre-ti.bo  boilers.     They  are 
«^  fn"?iiVoroh  u'^?   the   furnace  or   firebox   is   totally   or   partly   surromuled   by,  water, 
as  in  the  Scotch  Marino  illustrated   in  figure  11.      They  are  externally    fired  when  the 

JuhUl^r  JHR?.''hJ;?fi  "^^i^^^'^^^^i"?  surface  of  the  boilers,   as   in  the  horl^-.ontal  return 
tubular  (HRT)   boiler  illustrated  in  figure  12. 

SCOTCH  MARINE  (Figure  11).     The  Scoth  Marine  portable  unit  can  be  moved  with  case 
and  with  a  minimum  of  foundation  work.     As  a  complete  self-contained  unit     its  desiun 
includes  automatic  controls,   steel  boiler,   and  burner  equipment.     These  features  are  a 
big  advantage  because  no  disassembly  is  required  when  you  have  to  take  the  boiler  to  the 
field  for  emergency  work,   or  have  to  move  it  to  a  more  suitable   location  in  the  area. 

One  advantage   that  the  Scotch  type  boiler  has  over  the  water-tub<-  boiler   is  that  it 
requires  less  space,   and  can  be  set  up  in  a   low-ceiling  room.     Then,    too.    its  tubes 
being  all  the  same  size  saves  time  and  trouble  in  making  tube  replacements. 

The  Scotch  type  boiler  also  has  a  few  disadvantages.      its  shell   runs   from  G  to  8 
feet  in  diameter,   a  detail  of  construction  which  makes  a   large  amount  of  relnforcinr 
necessary.     Too.   the  fixed  dimensions  of  its  internal    furnace  cause  some  difficulty  in 
cleaning  the  surfaces  of  the  section  below  the  combustion  chamber.     Another  drawback  is 
encountered  in  the  limited  capacity  and  pressure  of  the  Scotch  type  boiler. 

The  SETTING  of  the  Scotch  marine  type  of  boiler  is  self-supporting.     The  shell  rests 
in  two  or  more  cast-iron  cradles,   and  the  boiler  is  sometimes  pitched  slightly   to  aid  i^ 
draining   the  boiler.     The  setting  includes  a  blow-down   pipe  which   is  connected   to   the  « 
bottom  of  the  shell  which,   in  turn,  is  screwed  into  a  pad  rlvtsted   to  the  shell.  ^ 
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Because  the  Scotch  marine  Is  a  fully  self-contained  portable  boiler  it  is  sometimes 
referred  to  a.*^  a  package  boiler. 


HORIZONTAL  RKTUUN  TUBULAR  (HRT)  BOILER.     In  audition   to  operating  portable  boilers 
such  as  the  Scotch  marine  type  and  vertical-tube  boiler,    the  heating  mechanic  must  also 
bn  able*  to  operate  stationary  boilers,   both  in  the  plant  and  in  the  field.     A  STATIONARY 
BOILRR  can  be  defined  as  one  having  a  permanent  foundation  and  not  easily  moved  or 
relocatod       A  pofinlar  type  of  stationary  fire-tube  boiler  Is  the  HORIZONTAL  RKTURN 
TUBIU.AR  (HUT)   boiler,   illustrat(^d   Ln   figure  12, 

The  Initial  cost  of  the  HRT  boiler  is  relatively  low,  and  Installing  it  is  not  too 
difficult.     Tho  boiler  setting  can  be  readily  changed  to  meet  different  fuel  require- 
m'.Mits  -  coal,   oil,   wood,   or  gas.     Tube  replacement  is  also  a  comparatively  easy  task 
since  all   tubes  In  the  HRT  boiler  are  the  same  in  size,    length,  and  diameter* 

The  gas   flow  in  the  HRT  boiler  is  from  the  firebox  to  the  rear  of  the  boiler,  then 
return  through  the  tubes  to  the  front  where  it  is  discharged  to  the  breeching  and  stack. 

The  HRT  boiler  has  a  pitch  of  1  or  2  inches  to  the  rear.     This  allows  sediment  to 
settle  toward  the  rear  near  the  bottom  blow  connection.     The  fusible  plug  is  located  2 
Inches  above  the  top  row  of  tubes.     Boilers  over  40  inches  in  diameter  require  a  manhold 
In  the  upper  part  of  the  shell.     Don't  fail  to  familiarize  yourself  with  the  location  of 
these  and  other  essential  parts  of  the  HRT  boiler.     The  knowledge  you  acquire  will  be  a 
great  help  to  you,   both  NOW  and  LATER  in  the  performance  of  duties  involving  boilers. 


SAFETY  VAIVIS 
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FEEO.WATCR 


^  MAN 
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DEAD  PtATC 


combustion 
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Figure  12.     Cutaway  of  Horizontal  Return  Tubular  HRT  Boiler 


IKK  BOX.     Another  type  of   fire-tube  boiler  is  the  FIRE  BOX  boiler,  which  generally 
Is     sed   for  stationary  purposes.     A  split  section  of  a  small   firebox  boiler  is 
Illustrated   In  flj^ure  13.     Oases  in  the  firebox  boiler  make  two  passes  through  the 
tubes.     Flriibox  boilers  require  no  setting  except  possibly  an  ash  pit  (when  using  coal 
fuf^l).     As  a  result,    they  can  be  quick  y  Installed  and  placed  in  service.     Gases  travel 
from  tht?  flro  boK  through  a  group  of  tubes  to  a  reversing  chamber  and  return  through  a 
socond  sot  «>r  tubes  to  tho  flue  connection  on  the  front  of  the  boiler,   and  are  dis- 
charged up  the  stack. 
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Wn  tiT-Tulu*  lioilors   (Figure  M) 


WattM'-Tubtj  b^>i  U;rs  ofler  a  number  of  advantages.     They  afford   flexibility  in 
sturtlrit;  up.     They  also  liave  a  hlgli  productive  capacity,   which  ranges  from  100,000  to 
1,000,000  pounds  (3f  steam  per  liour.      In  case  of   the  tube  failure,   there  is  little  danger 
of  a  disastrous  explosion  of  the  water-tube  boiler.     The  furnace  not  only  can  carry  a 
high  overload,   but  also  can  be  modified  easily  for  firing  by  oil  or  coal.     Still  another 
advantage   cS  afforded  by  the  minimum  difficulty  encountered  in  getting  to  sections 
inside  the  furnace  for  cleaning  and  i-epair  purposes. 

Now,    let  us  look  at   several  disadvantages  common  to  water-tube  boilers.     One  of  the 
main  drawbacks  to  the  use  of  water-tube  boilers  is  the  high  construction  cost.  The 
large  assortment  of   tubes  rcniuirod  for  this  boiler,   and  the  excessive  weight  per  unit 
weight  of  stf^am  juMie ra t<?d ,   are  oth'^r  unfavorable  factors. 

Water-tube  boilers  may  be  classified  in  a  number  of  ways.     For  our  purpose  though, 
lot  us  olassily   tliern  as  s  traight- tube  and  bent-tube.     These  two  classes  will  be 
discussed  separately  in  this  section.     To  avoid  confusion,  make  sure  you  study  carefully 
each   Illustration  referenced   in  the  discussion. 

STllAIGHT  TUBD  BOILfclRS.     Straight  tube  boilers  can  be  further  subdivided  into 
sectional-header  and  box-header  boilers. 

Sectional-Header  Cross  Drum.     Figure  15  shows  a  SECTIONAL-HEADER  CROSS  DRUM  boiler 
with  vertical  lieadcrs.     Feed  water  enters  and  passes  down  through  the  downcoraers  (pipe) 
into  the  rear  sectional  headers  from  which  the  tubes  are  supplied.     The  water  is  heated 
and  some*  of   it  changes  into  steam  as  it   flows  through  the  tubes  to  the  front  headers - 
The  steam-water  mixture   returns  to  the  steam  drum  through  the  circulating  tubes  and  is 
dlscliarged   in  front  of   the  steam-drum  baffle  which  helps  to  separate  the  water  and 
steam. 


Figure  15.     Sectional-Header  Cross  Drum  Boiler  (straight  water  tube) 
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steam  is  removed   from  tlio   top  of   the  drum  throu^^ll   thv  dry  pipo. 

Headers,   the  distinguishing  feature  of  this  boiler,   aro  usually  of    forriHl  .stt^ol  int 

are  connected  to  the  drums  with  tubes.     Headers  may  be  vertical   (as  in   firurc*  IsTor^it 
right  angles  to  the  tubes.  ^  * 

K  ^f^^^ly  so  arranged  that  gases  are  directed  across  t!ic   tubes   three  times 

before  being  discharged   from  the  boiler  below  the  drum. 

Box-Header  Cross  Drum.     The  BOX-HEADER  CROSS  DRUM  BOILER   is  Illustrated   in  fiixuru 
IC.     The  boiler  is  usually  built  with  the  drum  in  front.      It  is  supported  by   1  u^s 
fastened  to  the  box-headers.     This  boiler  has  either  cross  or   longitudinal  baliriiu' 
arranged  to  divide  the  boiler  into  three  passes. 

Water  enters  the  bottom  of   the  drum,    flows  througli  oennecting  tub(*s   to  thr  box- 
header,   through   the   tubes   to   the  rear  box-header,   and   back   to   the  drum. 


DRUM 


Y  BOLTS 


CGG  026 


Figure  16.     Box-Header  Cross  Drum  Boiler  (straight  water  tube). 

Box-Header  Longitudinal  Drum  Boilers.     Box-header  longitudinal  drum  boilers  have 
either  a  horizontal  or  inclined  drum.     Box  headers  are   fastened  directly   to  the  drum, 
when  the  drum  is  inclined*     If  the  drum  is  horizontal,    the  front  box-header  is  connected 
to  it  at  an  angle  greater  than  90  degrees.     The  rear  box-header  is  connected   to  the  drum 
by  tubes.     Longitudinal  or  cross  baffles  can  be  used  with  either  type.      (Figure  17.) 
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Figure  17,     Box-Uoader  Longitudinal  Drum  Boiler 
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IkMit-Tubo  Boilers*     Bent-tube   (water-tube)   boilers  may  be  classified  by   the  number 
iirul    l(K',aLlt>n  of   their  drums.     Figure  18  Illustrates  one  of  tho  types  of  bent-tube 
boilt^rs.     Bc)Llc>rs  of  tliis  type  usually  have  three  drums,   each  the  same   in  diameter  but 
nt)L  all   N<>t  i>n   tlie  same   level.     The  tubes  are  bent  at  the  ends  to  enter  tlie  drums 
radi  a 1 1 y . 

Watcjr  enters   the  top  rear  drum,    passes  through  the  tubes  to  the  bottom  drum,  and 
tlien  moves  up  tJirough  the  tubes  to   the  top  front  drum.     A  mixture  of  steam  and  water  is 
discharged    Into  this  drum;   steam  returns  to  the  top  rear  drum  through  the  upper  row  of 
tub(?s  while  water  travels  through  tubes  In  the  lower  rows.     Steam  is  removed  near  the 
top  of  the  rear  drum  by  tubes  extending  across  the  drum,   and  enters  a  small  collecting 
header  above  tlie  front  drum- 
Many   types  of  baffles  arrangement  are  used  with  bent-tube  boilers.     Usually,  they 
are    installed  so  that  70  to  80  percent  of   the  heat  will   be  absorbed  by  the  Inclined 
tubivs  bc^twoi^n   tlie   lower  and  upper   front  drums. 

PACKAlilJ  TYIH-;  WATIilU-TUBIC  BOILKRS.     Water-tube  boilers,    covering  a  range  in  capacity 
from  7,500  up   to  180,000  pounds  of   steam  per  liour ,    have  boon  developed  as  fully 
assembled   |)ackage  units.     The  package  units  Incorporate  a  number  of   important  features, 
including:     compactness,   simplicity,   delivery  and   Installation  are   facilitated.  The 
boiler  and    furnaces  are  completely  Integrated  with  burners,   automatic  controls,  blower, 
water  column,   pumping  equipment,   etc.     They  are  suitable  for  small   and  medium  sized 
central    heating  plants.     Water-tube  boilers  of  the  package  type  have  the  same  applica- 
tions as  a   f ire-tube  package  boiler. 
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TOP  REAR  DRUM 


STEAM  PIPES 
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Figure  18.     Three-Drum  Bent-Tube  Boiler 
with  Longitudinal  Baffle  Arrangement 
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Flguro  19.      Water-Tube*  Pai:ka^;p  Bollur 
^^lulpped   for  das  ami  Oil  Firing 


ASME  CODh; 


A  boiler  must,  meet  certain   requirements  before  it  is  considered   to  be  a  satisfactory 
i  US  t.:M  1  !i  t  ion  •      It  must  be  safe  to  operate,   it  must  generate  clean  steam  at  the  desired 
rate  siiitl   proKSuru,   an(i   it  must     o  economical   to  operate.     A  set  of  rules  for  construe* 
tii>n  of  stationary  steam  boilc   s,    known  as  the  American  Society  of  Mechanical  Engineers 
(A^ME)  Boi^'.?r  Construction  Code,   has  been  widely  adopted  by  insurance  underwriters  and 
t;overnm(»ntal  agencies.     This  code  contains  mandatory  provisions  for  methods  of 
construction  and   installation,   materials  used,   design  features,   and  recommended 
operating  and   inspection  procedures, 

The  term  **  fittings"  means  the  various  controlling  devices  installed  on   the  boiler. 
The    littings  are  vitally   important  to  the  economy  of  operation  and   safety  of  personnel 
iiiul   iMiuipment.     A  thorough  knowledge  of   fittings  is  necessary  if  you  are   to  acquire 
skill    in   t)\v   installation,   operation,   and   servicing  of  steam  boilers. 

I'Mtlint'is  ari'  somi^times     la.ssi  f  led  as  internal   and  external.      Internal  means  inside 
the*  boiU»r,      i;xternaL    Titttngs  are  outside  the  boiler. 

..  nnmbor  o!   nrcosKories  and    fittings  are  usually   installed  on  boilers  to  insure  safe 
oi)(?r;ition  ami    increased   eoon<5my,      ASME  Boiler  Code  requires  that   the  following 
aiu-.esst)r  i  es  bi?  installed  in  a  specified  manner  before  the  boiler  can  be  operated: 
sat'c^ty  valves,   water  columns,   pressure  gauges,   blowoff  valves,   steam-outlet  valves,  and 
feedwater  valves.     Table  1  and   figure  20  show  installation  of  these  accessories  and 
fittings   in  an  IIUT  boiler. 


Figure  ao.      Installation  of  Boiler  Fittings  and  Accessories 
Con  forming  to  ASME  Boiler  Code 
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Table  1.     Installation  of  Boiler  Fittings  and  Accessories 

Conforming  to  ASME  Code 


RULE 


Minimum  size  pipe  between  water  columns  and  boiler  Is  l   inch.     Uso  crossos 
at  all  turns.     Water  connection  to  boiler  mu«t  be  not  less  than  n  i nchos 
below  center  of  shell.     Water-column  connection  to  a«h  pit   r  tfod  with 
drain  valve  must  be  at  least  3/4-lnch  pipe  size. 


Each  boiler  must  hae  one  water  gauge  with  connection  not   less  than  l/^-inrfi 
pipe  size,    the  lowest  visible  part  to  be  at   least  2  inches  above  ?ows  if" 
"^lli  IrJ^^'  water  gauges  are  permissible.     Rach  boiler  must  have 

three  or  more  gauge  cocks  within  visible  range  of  water  glass,  unless 

Seral'JIed"^  ^"''^^'^  ^^^'^^^  ^"'^'ks  are  " 


ll^i^Tr.  ^^r""  ^o^'^  is  the  only  stop  permitted  between  ijauge  and 

«ini;  .1°''  P^^^^r^^  exceeding  250  pounds,  pipe  must  bo  steel  anrl  not 
smaller  than  1  Inch. 


1/4-inch  globe  valve  for  attaching  test  gauge. 


5  When  rhutoff  valves  are  uaed  in  connections  to  a  water  column  they  must  be 
outside  screw-and-yoke  gate  valves  and  must  be  locked  or  scaled  of^on 

6  Each  boiler  must  have  at  least  one  safety  valve;  if  It  has  more  than  500 
square  feet  of  water-heating  surface,    it  must  h^ve  two  or  mSre  safeSy 
valves.     Only  ASME  standard  safety  valves  are  permissible.     Sizes  3  1/3 
irve^fo.r^  larger  must  have  flange  inlet;  sizes  3  inches  and  smaller  can 
have  screw  connection. 


Valves  below  water  line;  valves  for  feed-water  and  blowoff  lines  and  for 
water  connections  to  water  column  and  drains  from  water  column  and  water 
gauge  glass.     Bronze  and  iron  valves  for  above  services  must  hate  a  steL 
pressure  rating  at  least  25  percent  greater  than  maximum  allowable  wo JkiL 
pressure  stamped  on  boiler  drum.  axiowaoie  worKing 


mo!.rL?i»r«  ^  '"^^"i''!^  °"  boilers.     D  Is  required  only  when  two  or 

more  boilers  are  fed  from  one  source.      Inlet  must  be  under  the  disk. 


Stop  valve  E  required  on  each  steam  line  as  near  nozzle  as  practicable, 
Valve  over  2-lnch  pipe  size  must  be  outside  screw-and-yoke  rising-stem 
type  • 


bJtS  reauir^d       F  ^     ,^  k                      to  a  common  pipe,   valves  E  and  F  are 

?wo  vHves       An  J  ^^^"^^  nonreturn  and  drain  G  Is  required  between  the 

If:}            ^       ^""^  °*  """^^         visible;  no-splash   funnel   is  Ideal 
for  this  purpose. 


rev^Va\^"^rt^"^^\^^^L"^^cT^^ea?.^°°^^^^        ^^^^^  permissible'  wa'^Ir" 


I^?.»H^?       ^^l^^s  smaller  than  1-lnch  or  larger  than  2  1/2  inches  re 

h^i?oi«       S  P^«««"^«  exceeds  100  pounds,   except  on  traction  or  portable 
r?iir^;i  P'-f^s"!:^  over  200  pounds,  steel  blowoff  valves  must  be  used 

Globe  valves  must  not  be  used  as  blowoff  valves. 
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Thr  sati.'ty   va  1  vc»   (I'lj^un*  ill)    is   tho  moKt 
ImiXiPtant  of  boilur   littinkss.      It   Is  designed 
to  open  uutomatically   to  provont  pressure  in 
the  boiler   increasing  beyond  the  safe-operating 
limit «      It    Is  installed,   in  a  vertical  posi- 
tion,  directly   to  the  steam  drum.  Every 
boilc?p  must  have  a  safety  valve,   and  there 
are  several   different    types  in  use.  Each 
type*   is  <iesit;nod   to  open  completely   (PO)  at 
a  specified  pr<?ssure,   and   to  remain  open 
until    a  specified   pressure  drop  has 
ore urri'd'      Safety  valves  must  closer 
tii:htly,   without  chatt<?rlnK,  and  must 
rcnnain   tightly  closed  after  seating. 
Never  operate  a  boiler  with  a  known 
defective*   safely  valve. 

C«paelty.     Th«'  capacity  of  safety  valves 
must   be  such    tliat   they  can  discharge  all 
the  steam  generated   in   the  boiler  and 
Still  maintain  steam  pressure  at  not 
more  than  G  percent  above  the  maximum 
allowable  working  pressure. 


UniNG  tEVER 


SPRING 
ADJUSTMENT 


SPRING 


'OUTLET 

IIP  OF  THE 
FEATHER 


8tOW-0OWN 
ADJUSTiNG 
RING 


Figure  21.     A  Spring-Loaded  Safety  Valve 


Blow  Off  Valves 

All   steam  heating  systems  must  have  the  provision   to  blowdown  the  boiler •  The 
object  of  blowing  down  the  boiler  is   to  remove  sediments  such  as  mud,   scale,   and  other 
lmpuriti(;s  that  are  harmful   to  the  boiler.     Blowdown  is  also  used   to  remove  excess  water 
from   tlie  boi  ler . 

blow off  Connections 

Hlowoff  connections  are  normally   localted  at   the   lowest  water  space  of  the  boiler. 
Since  sediment   tends  to  collect  in  the  blowoff  line  where  there  is  no  normal  water  cir- 
culation,   the  pipe  may  become  overheated  and  burn  out.     This   line  must  be  protected 
against  direct    furnace  heat. 

Types  of  Blowoff  Valves 

SLIDING   DISC  OH  SWING  GATE  TYPE.     This  type  of  valve  has  a  swing  gate  or  disc  which 
movers  between  parallel   faces  so  there  is  no  wedging  action  and  no  possibility  of 
jamming.     When  operated   the  disc  rotates,   preserving  and  regrinding  the  sealing  Joint. 
These  valves  are  usually  quick  opening.     See  figure  22. 
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ShAT  AND  DISC  Oil  HAND  SEAT  TYPE.      These  valves  are  usually    instaHcHi  ^ith  Mow 
entering  below  the  seat.     They  rrquire  at  least   five  comploLo  turns  <.r   1 1.^  o      •   t  Tn.^ 


Figure  22,     Quick  Opening  Blowoff  Valve 
Assembly  and  Seats 


Figure  23-      Typical   An^lo  Slow  Op(MU  ng 
Blowofr  Valve 


Bottom  Blowoff  Application  and  Connection 

w     u'^^?  ^f^l  Boiler  and  Pressure  Vessel  Code,    sponsored  by  the  American  Society  oT 
Mechanical   Engineers,    requires  that  all   boilers  carrying  over  lOo-psi   working  pressure! 
have  two  blowoff  valves  on  each  blowdown  pipe.     The  arrangement  may    include  two  slow-" 

h?LX?i''^^,°''  !^?r^^''?^u^  ""^^""^  ^  plugcock.      All    types  of   boilers  must  have 

the  blowoff  valves  installed  with  extra  heavy  steel  or  malleable   iron  piping. 

When  a  boiler  is  blown  down,   the  quick-opening  valve  is  opened   first  and   lUo  slow- 
opening  valve   is  opened   second.     The  reason  for  doing  this  is   to  avoid   undue  stress  on 
the  boiler  and   the  blowdown  piping.     When  sufficient  blowdown  time  has  c^lapsed  the 
slow-opening  valve  is  closed  first  and   the  quick-opening  valve  is  closed  last,' 

Surface  Blowdown  Valve 

The  surface  blowdown  valve  will  be  either  a  manual   or  automatic  globe  valvc      It  is 
used  to  regulate   the  needed  amount  of   surface  blowdown,   which  was  discussed  earlier  in 
this  study  guide. 

Continuous  Blowdown 

The  purpose  of  a  continuous  blowdown  system  is  to  remove   foreign  solids  and  maintain 
the  concentration  of  the  boiler  water  at  proper   limits.      (See  Figure  24.) 

Flash  Tank 

The  blowdown  water  or  steam  from  the  bottom  blowdown  and   the  continuous  blowdown 
system  should  never  be  piped  directly  in   the  atmosphere      r  sewer   because  of  the  possi- 
bility of   injuring  people  and  damaging   the  sewer  connections.      The  correct  method  of 
disposing  of  this  hot  water  and  steam  is  by  tlie  use  of  a  flash   tank,   sometimes  called  a 
blowdown  basin.      (See  figure  25.) 

This  tank  is  usually  buried  underground  to  prevent  freezing.      it   is  eciuipped  with  a 
bottom  drain  for  emptying  the  tank  when  cleaning  is  necessary.      A  manhole  is  also  pro- 
vided for  cleaning  and   inspecting  purposes. 


652 


1-18 


ERIC 


Figure  24.     Continuous  Blowdown  System 


Figure  25.     A  Flash  Tank  Arrangement  for  a  Bottom  Blowdown 


When  the  hot  water  from  the  boiler  enters  the  flash  tank,  part  of  the  water  flashes 
Into  stoam  and  Is  vented  into  the  atmosphere.     The  water  that  does  not   flash  into  steam, 
howovor,   will  raLso  the  water  level  in  the  tank  and  cause  cold  water  In  the  tank  to 
overflow  into  tho  sower. 

Flash  tanks  may  also  be  used  in  continuous  blowdown  systems  as  shown  in  figure  25 
I  and  to  prevent  water  hammer  and  other  disturbances  in  the  distribution  system. 
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steam  Stop  Valves 

The  steam  outlet  line  from  a  boiler  must 
have  a  stop  valve.     If  the  valve  is  larger 
than  a  2-inch  pipe,   it  must  be  the  outside 
screw-and-yoke,   rising-stem  type  (see  figure 
26).     These  valves  are  not  used  for  regula- 
ting purposes;   they  must  be  either  totally 
open  or  completely  closed.     The  stem  posi- 
tion indicates  whether  the  valve  is  open  or 
closed . 


PACKING 
GLAND 


BRASS 
USHING 


SEAT  RINGS 

Figure  26.     Outside  Screw  and  Yoke  Typo  Gate  Vai 


Non-Return  Valves 


When  two  or  more  boilers  are  connected  to  a  common  sto-im  hoador     i  lu.  avomi-    ,  i 


HEADER 


C'KB'I04 

Figure  27.     Typical   Installations  of  Nonreturn  Valves 


Ono  of   thost?  valvos,    installed  next  to  the  boiler  should  be  a  nonreturn  valve.  Non- 
re*  t.urn  viiJv<?s  uro  also  callod  stop  check  valves  and  can  be  manually  closed  when  desired. 
TIm'V  pri'vunt  baokllow   from  tho  header  If  a  boiler  fails  and  they  simplify  the  work  of 
cuttini;  out  a  boiler,  or  bringing  a  cold  boiler  into  service.     The  automatic  operation 
1)1*   till'  vmJvo  sa  r<»|«;ua  rds  workman  who  enter  a  boiler  to  clean  or  repair  it.     See  Figure 


DRAINPLUG 


Figure  28.     Nonreturn  Valves 

Poedwater  Val vos 

The  feed    lino  must  have  a  check  valve  near  the  boiler  and  a  stop  valve  between  the 
(*hock  valvr  and   tUo  boiler.     When  two  or  more  boilers  are  fed  from  a  common  source,  a 
globt*  valve*  must  bc^   installf^d  on   the  branch  to  each  boiler,   between   the  check  valve  and 
t  ht*  st>urct;  uT  supply.     Tho   initit  must  be  under  the  seat  of   the  globe  valve. 

Water  Columns 

A  water  column    is  a  liollow  chamber  made  of  cast  iron,  malleable   Iron,   or  steel 
according  to  requirements  of  the  boiler  design  pressure.     It  has  suitable  connections  to 
the  boiler,  water  column  drains,   tri-cocks,   and  water  gauge  glasses.     There  are  two 
connections  for  the  boiler.     The  top  one  enters  the  boil'^r  steam  space  through  the  top 
of  the  shell  or  head;   the  lower,  or  water  connection  must  enter  at   least  six  inches 
below  the  lowest  permissible  water  level.     See  figure  29*     Water  columns  are  used  to 
prevent   fluctuation  of   the  water  level  of  the  gauge  glass- 


Figure  29.     Installation  of  Water  Columns 
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Gauge  Glass 


Water  gauge  glasses  are  used  to  see  the  boiler  water  operating   lovcl.     They  c>nsi 
^^lLH^f?l?^^^^^^^  l^^""  connected  at  both  ends  to  the  water  column  by  moans  of  special 
yalved  fittings.     The  ends  of  some  glasses  are  annealed   for  longer  sc^rvlce.  Usually 
the  glasses  are  protected  against  mechanical  damage  by  metal  rods  or  special  metallic 
f?^^^"^Vo!!L^*'i^  protection  must  never  interfere  with  proper  vision    from   the  operating 
floor.     Gauge  glass  valves  can  be  either  manually  or  remotely  operated.     See   fiMiro  u) 
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OFF  BALLS       GAGE  GLASS  VALVES 
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WATER  COLUMN  FITTINGS 


GAGE  GLASS  VAl VES 
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GaGe  glass  valves 


GAGE  GLASS 


AUTOMATIC  SHUT 
OFF  BALLS 


WATER  COLUMN  FITTINGS 
2 


1.  Hand  Shutoff 

2.  Automatic  Shutoff 


Figure  30.     Cross  Sections  of  Typical  Gaug<»  Glas.si.s 

4  ^^f,^H®  boiler  operating  pressure  is  400  psig  or  higher,  two  gau^^e  glasses  must  be 
installed  on  the  boiler. 

The  botcom  of   the  gauge  glasses  is  installed  to  indicate  the  minimum  water  level, 
oee   figure  29. 

Tri-Cocks 


Two  or  three  tri-cocks 
permit  independent  testing 
level.  When  three  cocks  a 
cock  is  usually  at  the  mai 
boiler;  the  other  two  are 
and  below  it  at  a  distance 
boiler  size.  Tri-cocks  ca 
handwheel,  chain-wheel,  or 
ASME  requires  two  tri-cock 
water  column. 


in  the  water  column 
of   the  boiler  water 
re  used,   the  middle 
n  water  level  of  the 
equally  spaced  above 

determined  by  the 
n  be  operated  by 

lever.     Figure  31. 
s  must  be  on  a 
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Figure  31 


Handwhee I  Tri-Cock 
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Fusible  Pliu^H 


Fiisibl(!  pliM^^  ;ire  hollow  broni^.o  plugs  filled  with  an  alloy   (mostly  tin)  which  has  a 
low  moltini^  point  (usually  450*  -  500*F).     They  melt  when  the  water  in  a  fire-tube 
buiUjr  Is   low,   and  so  serve  as  a  warning.     One  side  of  the  plug  is  in  contact  with  the 
fire  or  hot  leases  and  the  other  side  is  covered  with  water.     While  the  plug  is  cooled  by 
the  water,    it  will  hold.     It'  the  water  level  drops  below  the  plug,    the  tin  melts  and  is 
blown  out. 

PH0C13DURKS  FOR  INSTALLING  BOILER 

lixcopt    Tor  t*merjj:oncy  CDnditlons,   steam  boiler  installation  is  planned  years  in  the 
r\itur».'.     Mo«t  wat*?r-tubi?  bulUrs  and   large  fire-tube  boilers  are  installed  by  a  contrac- 
tor.    Follow  iiULiui  f  acturer '  s  Instructions  if  you  ever  need  to  install  a  boiler.  No 
luattcjr  if   the  contractor  or  you  as  a  heating  specialist  install  a  boiler,  ASME  code  must 
be  followed. 

B»)iU?r  Feedwatur  System 

All  boilers  use  a  feedwater  system  to  provide  the  water  that  must  be  added  to  the 
boilc>r  as  stoam  is  generated.     This  water  may  be  condensate  that  has  been  returned  or 
make  up  water  needed  to  replace  water  lost  through  leakage  during  opertation  of 
ociuipment.     Feedwater  systems  have  been  developed  to  add  this  water  to  the  boiler  when 
needed.     These  systems  vary   from  a  Gimple  watermain  supply  used  with  small  low-pressure 
boilers  to  tlie  complex  system  used  in  high-pressure  multiple-boiler  installation. 

THEORY  AND  CONSTRUCTION  OF  STEAM  AND  GAS  TURBINES 

This  section  describes  the  main  types  of  steam  turbines,   how  they  operate,  and  how 
tliey  compare  with  gas  turbines.     It  explains  how  a  condenser  operates,   and  the 
I'.ondtMiser  •  s  effect  on  efficiency. 

What  are  Turbintjis? 

A  turbitK*  is  a  machine  that  i;enorates  mechanical  power  in  rotary  motion  from  the 
kinet  ic  ctieri^y  of  a  i'luid  (stc»am,  air,  or  water).  The  most  powerful  and  widely  used 
turbines  ari?  sti?am  turbines.  ateam  turbJ  es  drive  many  types  of  power  plant  equipment 
sucli  as  electric  generators,  pumps,  and  compressors.  The  output  capacity  of  a  steam 
turbine  rani;es  from  less  than  1  kW  to  more  than  one  million  kW .  The  larger  capacity 
steam  turbines  drive  the  electric  generators  in  power  plants. 

A  steam  turbine  consists  of:     (1)  a  cylinder  (casing  or  shell)   containing  the  fixed 
(stationary)   blade  system  and  a  set  of  bearings  to  support  the  rotor  shnft;    (2)  a  rotor 
carrying  the  moving  blades  (buckets  or  vanes)  with  bearing  Journals  on  the  ends  of  its 
sliaft;   (3)  a  governor  and  valve  system  to  regulate  the  turbine's,  speed  and  powev  by 
controlling   the  steam  flow,  and  an  oil  system  for  lubricating  the  bearings  and  for 
iiydrau I ical  ly  operating  the  control  valves  by  means  of  a  relay  system  connected  with 
the  governor;   (4)  a  coupling  or  gear  reducer  to  connect  with  the  machine  driven;  and 
(5)  pipe  connections  to  the  steam  supply  from  the  boiler  at  the  inlet,   and  to  an  exhaust 
system  at  the  outlet,   of  the  casing. 

A  steam  turbine's   two  main  parts  are  the  cylinder  and  the  rotor.     The  cylinder 
(stator)   is  a  steel  or  cast  iron  housing  usually  divided  at  the  horizontal  centerline. 
Its  halvi^s  are  bolted  togoth(>r  for  easy  access.     The  cylinder  contains  fixed  blades, 
vanes,   and  nozzlc>s  that  direct  steam  into  the  moving  blades  carried  by  the  rotor.  Each 
fixed  blade  set   is  mounted  in  diaphragms  located  in  front  of  each  disc  on  the  rotor,  or 
directly  in   the  casing.     A  disc  and  diaphragm  pair  from  a  turbine  stage.     Steam  turbines 
can  liavc  many  stages. 

The  rotor  is  a  rotating  shaft  that  carries  the  moving  blades  on  tlie  outer  edges  of 
eitlier  discs  or  drums.  The  blades  rotate  as  the  rotor  revolves.  The  rotor  of  a  large 
steam  turbine  consists  of  high,    intermediate,   and  low-pressure  sections. 


Operating  Principles 

passos  through  tho  tl:<«l  blados  o?  Lo^ni^^L T  *«  tho  steam 

hlgh-veloclt,  jet  Of  stean,  .trt^tl  t^.  ti%t'LtTt'"^,lT^  ^ILiV  "^'^i,',  l^.^Jt^"- 

?h'e„"L?:°rth°r„"s'x?  '^i\Tr.i2n\.T.iT..  tiT^i  js^-   °"  -.'%^"a«'' 

xAAca  Diaaes  and  strikes  tho  noxt  row  of  moving  blados. 

it.  JolJml  fJl^^aSr  ^^^3fcreaL^"n^p;o4si^^  a'nrr^^  temperature  d.croas..  wHi,.. 

transmits  enerRv  to  the  .^haft  2  P^^^^"^^  and   temperature  occurs  as  tho  sto^m 

stage.    the%'t^lJ  ^^h^Sltf  tJL'fhe^^^iSe^lerSJ '  p.Sjr.S  ^Tj^'lyl'^:':'' 

impact  force  of  the  .^teL   i^^^n  *u  f       ^     blades.      An   Impuls.;   turbi  no  uses  tho 

passes  th^Sugh'th?  nozlusf^ihere'^t's^'iresluJe  Ton.'^^ "I"" ' ' '     ""'''"^  '''"''^"^•'^ 

steam  flows  through  the  Lvin^  hLnl^  P^^^^ure  drops  and   )  ts  velocity  Increases.      As  tho 

decreases.     The  sfe.^^\eTL"f  e^pL^I 'a^i^-f fo^Tthro-^^r^he^^L^^S^.^L^i^^  ^'^^'^^^^ 
velocitrSJ%rsiram'"'Si"ny  ^^"^^^"^ 


two  Jr^r:  Sif  imruJsrs'ti%'^"LiLtn^^"!rrnr°™^?""^*^^i"^^^"^-    --^^-^^  o*- 

diaphragms  that  connect  to  no^^Ss?     iJe  S2zz?es  Iko^i?^;    ^^^^  contains 
pressure  that  remains  after  the'lteam'^?L;r ^J^ough  ?hf     eiTSu's'^tJ.    '^Thf  nr" 
drops  In  each  stage  as  steam  expands  through  the  no^'.zles  *^   '  Pr-ssuro 

bladeVto°^i?a%rjK^"^h"afr  The'':^?f ^ ElaJeT:nd°%j;::d^J  1^5  '^ir^ 
act   like  noT'T'lP*?       Th.,«=     c.4-«o«       inuving   oiaaes  and    fixod   blados  have   tlio  samo  shano  and 

passes'ihJSugi'both^se?;  SJ'^Sado^^^'ji  1^ "I^Jti^^r Jur'bi nef  -1oc.tras%"'t 
turbines.  uxau^s.     aii  reaction  turbines  aro  pr essur r.-compounriod 

turb?nS  iHL'llJ^JairLpuLrbiadKTt  the  h?eh''°"  ^^^^^  combination 

the  low-pressure  end       Th»  h?o^«   ,  ^     high-pressure  end.  and   reaction  blading  at 

the  e;jaS;?ngTte:S'effIcLnUy"   '11111  roLT^AT/T^Ts  ^^""^'""J  ^""-^^"^ 
where  the  pressure  drops.     Seals  for  impulsl  bftdilt  Ho  f     ".^r^?^  ^^"^  leakage 
diaphragm  to  stop  leakage  palt  thrJozSe       Sei?s  ?or^Li??^*''K,^L**°^"  ^""^ 
the  tips  Of  both^he  filed  and  movi^rblades  reaction  blading  are  located  at 

Types  of  Turbines 

ol^slll^^'^itl^Vr^^^^^^^^^^^  -ny  different  turbine 

steam  pressure,   exhaust  cor..it^STs:'Ltil^Uli.^  -  reaction). 

at  prelsSreror^lo^'psror'Toie?  pressure.     Low-pressure  turbines  operate 

151  and  45rpsL     HiK-p?IssCre  turXfJi"'""^''''^f"''%*"''^'"*'^  operate  at  pressures  between 

hlgh-pressur^  turbines  ^hirdJfvrefeSt  riJ^IIneratJ  rfoner^te  ^r"'"'"  -^'^  ' 

psl.  t-Ascxric  generators  operate  at  pressures  up  to  3500 

Exhauot  conditions  depend  on  whoi-h^r*  i-ho  ^  ^ 

extraction,  reheat,  or  nonrehea?  A  SonJensuJ  lurbi  n^"''T'"?  '  "  • 

condenser  at  a  Dpe.?.?iiT.r.  i  Z         ^  conaensing  turbine  exhausts  steam  into  a 

pressurrthe  L^ror^rei^Ir  ThaS  aSoShe^Jc:      '  — ^^^^"^  turbine  has  an  exhaust 
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CoruIonK !  ni;   turbl  now  an)  nH>rc?  f»rriclont  bocatts<>   thoy   uso  rrK)ro  of   the  steam's  heat 
onoFRy.     All    largo  turblnos  that  carry  oloctrtcal    loaciR   for  utilities  aro  condensing 
tarbliios.     Plants  usi»  noncondens i ng  turbines  to  supply  low-pressure  steam  for  heating  or 
as  "topping"  units.     Topping  units  exhaust  steam  into  another  low-pressure  turbine  to 
improve  plant  capacity 

In  a*    extraction  or  bleeder  turbine,   part  of   the  steam  leaves  the  casing  before 
rejching  tht?  exhaust  end.     The  steam  *'bleeds  off"  through  one  or  more  extraction  lines 
at  various  stagos  of   tho  turbine.     The  extracted   steam  heats  condensate  returning  to  the 
boll.ir   fi^r  uso  as  foedWiiter^ 

A  reheat   turbine  sends  steam  thaw  has  expanded  through  part  of  the  turbine  nto  the 
rohi»ater  (reheat  superheater)  in  the  boiler.     The  reh^ater  raises  tho  steam  temperature 
to,   or  near,    its  original  temperature.     The  reheated  steam  then  returns  to  the  turbine 
and   expands  to   the  exhaust.      Reheating  dries  the  steam  so  that  it  travels  farther 
through  tho  low-pressure  section  before  condensing.      A  double-reheat  turbine  has  t%o 
rt?hoat  cycles.     A  nonreheat  turbine  has  no  reheat  cycle.     Steam  enters  a  nonreheat 
turbine  at  a  given  temperature,   and  expands  through  the  turbine  to  the  exhaist. 

Stoam   flow  refers  to  the  path  the  steam  follows  through  the  turbine.     A  turbine  may 
have  single  flow,  double   flow,  or  triple  flow       Single  flow  means   tho  steam  travels 
along  a  single  path   from  the  high-pressure  section  to  the  exhaust.     Double  flow  means 
the  steam  "splits"  and    flows   in  opposite  directions  parallel   to  the  shaft.     Triple  flow 
(not  oftten  used)  means  that  a  thrid  part  of  the  low-pressure  steam  is  directed  through 
its  section  parallel   to  the  shaft.     The  steam  flows  In  the  same  direction  as  the  steam 
In  one  of  the  double  flow  sections.     Double  and  triple  flow  paths  accommodate  the 
greater  volume  of   low-pressure  steam,  and  also  help  balance  the  axial    (along   the  shaft) 
thrust  of  the  turbine. 

Shaft  arrangement   can  be  single,   tandem-compound,   or  cross-compound.     A  single 
turbliH?  consists  of  one  unit  through  which  steam  expands  and  exhausts.     A  tandem- 
compoun<!   turbine  consists  of  a  high-pressure  section  and  a  low-pressure  section  that 
Join  end-to-ond  on  a  single  shaft.     The  shaft  drives  a  single  generator.     A  cross- 
compound  turbine  consists  of  a  high-pressure  section   (and  i nt<* rmediat e-pressuro  section 
im  large  turbines)  a nd 1 ow-pr essuro  section  on  separate  parallel   shafts.     Each  /ihaft 
drives   its  own  generator. 

One  or  more  of  the  above  classifications  can  apply  to  a  given  turbine.     For  example, 
a  single  turbine  can  be  a  tandem-compound,  double-flow,   reheat  unit.      This  turbine  would 
have  its  low-pressure  and  high-pressure  sections  on  a  single  shaft,    two  paths  for  steam 
flow,  and  a  reheat  cycle. 

Gas  Turbines 

A  gas  (combustion)  turbine  and  steam  turbine  operate  on  a  similar  principle,  but  a 
gas  turbine,  uses  air  instead  of  steam  as  its  working  fluid.      A  gas  turbine  converts  the 
chemical   energy  of  a  fuel    into  mechanical   energy  through  internal   combustion.     The  hot 
combustion  products  expand  through  the  turbine  and  perform  work 

Air  drawn  in   from  the  atmosphere  enters  a  rotary   (centrifugal)  compressor,  which 
rals«?s  the  pressure  and  air  temperature.     The  pressurized,  heated   air  leaves  the  com- 
pressor and  onters  tho  combustor   for   further  heating.     A  portion  of  the  air  mixes  and 
burns  with  tho   fuel    In  tho  combustor.     The  rest  of   the  air  mixes  with  the  hot  combustion 
f^asos  to  lower  the  air-gas  mixture  tomp*jraturo  entering  tho  turbine. 

The  hot   gases  enter  tho  turbine  at  a  temperature  of  about  650*   to  1095*C  (1200*  to 
2000T).     As  the  hot  gases  expand  through  the  turbine,  they  strike  the  blade,  causing 
the  shaft  to  rotate.     The  turbine  drives     both  the  load   (generator,   pump  or  fan>  and  the 
c<3mpressor.     The  hot  gases  exhauet  from  the  turbine  at  about  540*C  (1000*F)  and 
atmospheric  pressure. 

Gas  turbines  have  several   advantages  over  steam  turbines.     Gas  turbines  do  not 
r  luire  separate  auxiliary  equipment  (boilers,  condensers)  as  do  steam  turbines.     A  gas 
t   -bine  is  a  single  unit  containing  all  of  its  auxiliary  equipment.      It  is  lighter, 
s^-Tvaller,  and  takes  up  less  space.     A  plant  can  install       gaa  turbine  more  quickly  and  at 
t   lower  cost  than  a  steam  turbine. 
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^as  turbines  require   less  time  to  start   up  and  accopt  ii   load,   many   lu.wor   olanls  ,is 


RECIPROCATING  PUMPi 


Reciprocating  pumps  are  positive  displacement  units 
liquid  by  moans  of  a  piston  or  plunder  with  reciprocati 
reel Drnr»n  1 1  nor   mimnc  y^^»..4<T.4>  4.^.^  J  : 


that  impart 


"'^       px.v>.on  ur  Plunder  with  reci  proca  t  i  ni^:  or  back-and-lo 
reciprocating  pumps  con.sist  of  two  principal  parts: 
pressure  is  imparted   to  the  liquid;   and  a  drive  onri 


the  piston  or  plunger  in  the 
double-acting . 


prussun;    to  the 
it  tno  t  ion  . 

a  pump  t)r   licjuid   t?rul,    in  which 
throui^h  which  motion    is  npplird 
pum|.;>  may   bt?  si  n^- 1  (»-a<»  t  i  ni^  or 
p(?r  cycle?    (oach  double 


A  J  I 


to 


and  a  drive  end , 

-  -    -  ~  pump  end,  llociprocatinj' 

«       A  single-acting  pump  discharges  only  onco 
suroke);   a  double-acting  pump  discharges  twice, 

nil  ^^^'''hI^k"^^^  duplex-piston  steam  pump  has  two  steam  pistons  and   two  liquid  pistotis, 
all  of  which  are  double-acting-     A  duplex   pump   is  theroforo  equal   to  two  simplex   uum  s 
i^^^^J^.K^"^^  by  side.     The  piston  rod  of  one  pump  operates  tho  steam  val  v<^  of   th^ot  er 
i^^?n!V/^^'!K         ^^^^  ^^^^^^  Since  th.  sttZu     f  onc>  p'ston 

ooni?nnin  f^f^^"  ^^'"^^  Completely   to  rest,    tho  water  disnhurRo  is  almo.s? 

continuous.     This  pump  will  pump  either  oil  or  water  (see   liguro  32).  ^     is  u  no.st 


STEAM  INtET 
SLIDE  VALVE  A  LOST  MOTION 

Valve  rod 


WATEIV  0IS(  HAKGL 


surnoNi 

PLUNGt  IV 
NUTS 
f  oil  OWI  IV  f>l  Alt 


• 


DRAIN  PLUGS- 


Figure  32.     Cutaway  View  of  a  Duplex  Steam  Hoci proca 1 1  nt;  Pump 
Other  Parts  and  Classifications 

nn«  ^f^^K  ^^^^'.^r^  °*  ^  cylinder  has  two  steam  ports,   as  shown   in   fiirure  32. 

SvT^nLi     K     P?K^  discharges  it.     The  steam  trapped   in  Un.- 

^^^JnJ^.]!!^!^"/^^.^''*'*."^*  ^I'r°^^  "^^""^  completion  acts  as  a  cushion  to  proent  the  iiteam 
?if  ^inf^  ^i^'^^i"^  cylinder  heads.     Some  pumps  have  small  hand-operated  valves  on 

the  side  of  the  steam  chest.     These  valves  regulate  the  amount  of  cushioning  bv 
controlling   the  escape  of   the  steam  trapped   In   the  cylinder.     Maximum  cushioning  is 
obtained  with  the  valves  closed. 
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LOST  MOTION.     Lost  motion   In   introduc<Ki  In 
tiio  val  v(>  K**»ir  tt>  Uoop  ono  piston   in  motion 
wlion  tho  othor  Is  rovers  Ing  at  tho  nnd  of  its 
5?troko.     Piguro  33  shows  two  methods  of  provid- 
ing  lost  motion  in  a  duplex  piimp  slide  valve. 
Tho  val vos  aro  not  fastened   rigidly  to  the 
stom.     Th  •  ^  ponnits  the  piston  to  move  during 
a  |K)rtion  of   its  stroke  without  moving  the 
stoam  valve.     By  adjusting  tho  lost  raotlon, 
tho   ItMigth  of  the  stroko  can  bo  determined. 

SFALS  AND  DRAINS.     Piston  rings  on  the 
steam  piston  prevent  leakage   from  one  side 
to  tho  other.     A  stuffing  box,   with  packing 
and  gland  »   sca^s  and  steam  frosn  the  cylinder 
around  tho  piston  rod.     Petcocks  at  the  end 
of  tho  steam  cylinder  drain  condensate. 

LUBRICATION.  The  steam  end  of  the  pump 
roquires  regular  lubrication-  Cylinder  oil 
is  somi» times  introduced  Into  the  steam  line 
or  stoam  chest  by  means  of  a  lubricator. 

OUTPUT  CONTROL.      Pump  output   is  con- 
trol lod  by  rt^culatlng  tho  speed  of  the 
strokes.     This  Is  done  by  either  manual 
or  automatic   throttling  of   tho  steam  supply 


lOST 
MOTION 


IXMAUST  K>IITS— 


Figure  33. 


LIQUID  END  OPERATION.     Several    types  and 
arrangements  of  valv(      are  available  for  the 
liquid  end.     Each  valve  is  designed   for  a 
particular  service.     Leakage  around  the 
piston  is  prevented  by  metal   rings  or  canvas. 

Somtj  pumps  arc  equipped  with  a  cylinder  liner  that  can  be  replaced  when  worn.  Leakage 
of  liquid  along  the  piston  rod  is  prevented  by  a  stuffing  box  with  packing  and  gland. 


Two  Methods  of  Providing 
Lost  Motion  in  a  Duplex 
Pump,  Ste  Valve 


Installation  and  Maintenance  of  Reciprocating  Pumps 


a  s 


INSTALLATION, 
a  rotary  pump. 


You  would  use  the  same  procedures  for  installing  a  reciprocating  pump 


RECIPROCATING  PUMP  MAINTENANCE.     Check  as  outlined   under  the  rotary  pump  daily 
maintenance  requirements  covered   previously.     In  addition,   check   for  abnormal  speed, 
improper  stroko  lengtrh,  defective  operation  of  lubricator,   Ineffective  operation  of 
govornor,    improper  action  of  the  air  chamber,  and  steam  and  water  leaks.     To  accomplish 
tho  monthly  maintenance  requirements,   you  repeat  the  daily  inspection.     Also,  check  for 
scoring  of  piston  rods,   binding  of  valve  operating  mechanism,   lost  motion  adjustment, 
tlltijd   glands   in  stuffing  boxes,   and   a  defective  condition  of  strainers. 


ANNUAL  MAINTtNANCK  RBQUIRFMENTS. 
and  Inspect   for  the  following: 


Yearly,  you  should  dismantle  the  pump,  clean  it. 


Liquid  End.     Check  the  condition  of  the  valves,   springs  and  retaining  bolts; 
condition  of  cylinder  liners;  piston  rings  or  packings;   piston  rod  packing; 
relief  valve,   if  used,  and  setting;   alignment;  and   strainers,   if  used.  Also, 
look   for  corrosion,  erosion  or  excessive  wear  of  parts,   and  for  transmission  of 
strains  from  piping  to  pump.     Another  maintenance  requirement  is  to  calibrate 
Instruments . 

Steam  End.     Check  condition  of  pistons  and  piston  rings,   slide  valves  and  seat; 
alignment;   clearance  between  piston  and  cylinder  liner;   lubricator;  and 
governor.     Look  for  plugged  steam  passages  in  steam  chest;   scoring  shoulders  on 
cylinders;   corrosion,  erosion  and  excessive  wear  of  parts.     Calibrate  instru- 
ments and  replace  packing.     Repair  or  replace  all   defective  parts  found  during 
tho  annual  inspection. 

1-27 


EKLC 


6Sl 


»«1 


Safety  Procedures  When  Operatint^  Pumps 

oiothi^ not  try  io'^::;»!;^"j iLii 'i/i! uitf  I,',. t';',"  't!;' l,,,':";.  

touch  burns?  '  '"P"'""!-     No,cr  broak  tl.c  bUslcrs  „r- 

II  Dosal^lf K?°;"  '  °'  because  of  the  l„ss  of  b„<iy  lU.icis 


FDKDWATKIl  SYSTKMS 


Types  of  Feedwatcr  Regulators 


jr£j^^'l?"-"''"T o«e-o?'.;!Jh"si:a;rci  r-:-  -iii.iit.-  I'^ie^t^r- 
JLsrtH°rLue%-i„rai-Ls?e=^s^--rhfr^^^^ 

water  can  be  injected  normally  through  a  ulobe  valve  in  the"   r^nH   ^^nf,   .     T       w  , 

"i2^;t'i?^'ii:,n;St^jn^"?shui;'h^-  r 

."-^  ;hTJh;;^r:^jic-'r?i- 

POSITIVE  DISPLACEMENT  (Float  and  Lever). 
The  float  and   lever  regulator  is  of  the 
positive  displacement  type,   see  figure  34. 
The  float  chamber  is  connected   to  the 
boiler  stean?  space  and  water  space  so  that 
its  mean  water  level  corresponds  with  that 
of  the  boiler.     The   feed  valve  is  of  the 
balanced  type  rnd  there  are  no  stuffing 
boxes  to  leak  or  cause  binding. 

In  operation,   the  float  follows  the 
water  level,   opening  the  vplve  through  a 
suitable  system  of  levers  to  increase  the 
waterflow.     The  valve  and   linkage  provides 
gradual  changes  in  the  flow  of  water  and 
maintains  an  almost  constant  water  level. 

small  amount  of  alcohol  in  the  float 
vaporizes  with  the  heat  and  builds  up 
sufficient  pressure  to  counteract  the 
boiler  pressure  on  the  outside  of  the 
float  and  prevents  its  collapse.  To 
trace  a  feedwater  system,   the  boiler 
would  be  the  most  likely  place  to  start. 
Some  items  to   look  for  while  tracing  the 
system  are  valves   leaking,   proper  instal- 
InMori,   nmi    lUv   propnr  fipi^rjil  Inn  of    ni«  flonf. 


Figure  3«1.      Positive  I)  i  splaccmtMi  t 
Foodwn  t(»r   llo^^iiln  tor 
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TllKUMO-KKPANiilON  ( Thi?rmos tat ic ) .     Now  take  a  look  at  the  TIIKRMO-ISXPANSION  type  of 
rt»i»dwjiLor  riH;nlat(>r  which  is  sometimes  called  the  thermostatic  regulator,    illustrated  in 
fU^ui'o  Oporutlon  ol'   this  type  of  regulator  depends  on  the  expansion  and  contraction 

(>r  .in    iiu'MtiPd  mrliil    liilx?,     Tht?  expansion  tube  Is  mountt?d  on  a   st.(K»l    framo.      It  Ik 
(M)i)iii>iM  nt   t«)   Mu»  tilojim  ami  wiiLi»r  npttcoB  so  that    tho   tiibc>  cuHiliiliis  only   ,^;U»niii  whon  thi? 
will  or    Is  21 1  I  mwo.s  I  lovol, 

Thij   tubij   is   thon  (?xpandcd  to  its  maximum  length.     As  the  water  level   in   the  boiler 
rises,    the  water  riso«  in  the  tube,  and  the  tube  contracts  in  relation  to  the  rise  in 
water  level.     The  tube  is  connected  to  a  balanced  valve  in  the  feed   line  by  a  system  of 
levers  which  move  the  valve  as  the  water  level  changes. 


The  length  of  the  tube  and  the  width  of  the  feed-valve  openings  are  maximum  when  the 
water   level   is   low  and   the   tube  is  filled  with  steam.     As   the  water  level   rises,  the 
tube  shortens,   closing  the  feed  valve  and  decreasing  the  rate  of  flow.     Note  that  all 
three  of   those  regulators  increase  the  flow  of  water  as  the  level  drops. 


Tin:UMOHYOUAULIC  (Vapor  Generator).     The  THERMOHYDRAULIC  type  of  feedwater  regulator 
(se'.*   figure  3G)  consists  essentially  of  a  generator  and  a  feed-water  regulating  valve. 
The  |!:iMu»ru  ti>r  lias  an  outer  tube  with  fins  for  cooling.     An  inner  tube  is  connected  to 

lioiU»r  drum,   with  one  end  entering  the  steam  space,   and  the  other  end  entering  the 
water  space.     The*  inner  tube,   containing  steam  and  water,   is  subjected   to  boiler 
pressure  so  that  the  water  level  in  the  generator  is  the  same  as  in  the  boiler  drum. 


Figure  35.     Thermostatic  Water-Level  Control 
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^       The  outer  tube  coinectlng  the  metal   bellows  of   tho  roKulatiag  valvo  with  ronof^r 
tubing  forms  a  closed  system-     The  bellows  is  contracted  and  tho  clos<Hi   Hvst<Mn  rtn^a 
with  water  to  the  level  of   the  generator  filing  plug  boforo  the  rogulator'  is  pl:u int.rr 
operation.     When  the  regulator  is  placed   In  operation,   heat   from  tho  stoam  In  tho  uppor 
part  of  the  inner  tube  causes  the  surrounding  water  to  flash  into  stoam. 

The  steam  formed  in  the  closed   syat<3ra  expands  and   forces  some  t>r   the  water   late  the 
metal  bellows,   which  expands  and  opens  the  valve.      As  tho.  steam  demand   increas<vs.  more 
steam  occupies  tho  upper  space  of   tho  closed  system,   thu«  openiriK   the*  rt^Ruiatlnr   valve  i 
corresponding  amount.     Actually,   tho  regulating  valve  <>p(?rat(?H  on  a  prcvssuro 
differential   caused  by  the  level  of  the  water. 


COVER  ALL  PIPING 
ABOVE  UNION 
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BLOWDOWN 
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Figure  36.     Thormohydraulic  Foedwater  Regulator 
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When  thi)  sLuam  domaiid  ducroases,   tlio  water  level  tends  to  rise.     Cold  water  from  the 
storuKo  lt»g  I>Iun  radiation  Kocurod   froin  the  generator  fins  causes  steam  in  the  closed 
sysliin  It)  c^oriUoiKsiS   thereby  reducing  the  pressure  until   the  water  levels  in  the  inner 
litMi  outor  tiibo«  are  again  approximately   equal.     The  decrease  of  volume  in  the  closed 
sysl<'in  causes  tlie  metal   bellows  to  contract  and,  at  the  same  time,   partially  closes  the 
re^u 1 u  t i  ng  va I ve . 


Cart?  of  FcHMlwut<»r  Hi»i;ulatc)rH 

Operators  slial  I   report   lininediately  to  their  supervisors  any  malfunctioning  of  the 
boiler  feodwater  regulators.     Only  authorized  personnel  should  repair,   calibrate  or 
adjust  control   system  components.     If  necessary,   operate  on  manual  control  or  hand 
operate  the  bypass  valve. 

The  operator  should  inspect  each  day  for  leaks  and  observe  operation  of  all  control 
devices.     lie  should  stop  any   leaks  around  packed  stems, 

Llach  month  the  operator  will  blow  down  steam  and  water  connections,   separately  or  as 
instructed  by   the  manufacturer. 

During   the  annual   bollcir  overhaul,   more  often  if  necessary,   clean  and  inspect  all 
control  components.     Look  for  signs  of  corrosion,   erosion,   or  wear  and  for  deposits, 
leaks,   and  defective  parts. 

Fcedwuter  Controls 

Some*  boilers  are  equipped  with  a  float  operated   feedwater  control   like  that 
illustrated    in   figure  37.     This  control   is  attached  to  the  water  column-     It  functions 
to  maintain  a  normal  water  level   and  protect  the  boiler  from  operating  with  a  low  water 
level.     This  control  accomplislies  its  purpose  by  means  of  a  float,  arm,   and  a  set  of 
electrical  contacts- 


Figure  37.     Cross  Section  of  Boiler  Feedwater  Control  Unit 

1-31 


EKLC 


665 


coat.cts  operates        a,a™  ^eU  and  ehute'oM'tS  ?°ef 's^ppf"  ;;°?H,.\"o[ . 
Injector  Feed  System 

Of  «ater  is  many  times  the  weight  of  the  ortglnL^et  of  Xam  "  ^"""^^•"-i 

inJeI?or';^!?'n;t'?e',Sd'"?e'ry  horwJtTr"'  u".^°'i"%'''""^ f  ^^^^^^'^^    ^'-'^  ^U. 

about  14  feet.  water.     Under  best  cond  1  t  lon.s .    it  will    lift   1 40-  wator. 

on  tIeMd"f of'fhe°Eo?fer  'JoSfconion??'  "  Ji'^i^^t  oporatlon.  Tho  unit  ,s  n.,unt,.,., 
the  steam  supply  ?inef?^  the  SoM  J,  n"^  ^^''^  figure  37)  are  mado  to  tUa  injector: 
holler   fo..lwa?/r  ln?ot  f  "^Sd 'JL''^  rr  I'^W 'h  no""' '    ' '       '  "        to  ..h. 


Figure  38.      Injector  Piping 


ip^ninTinJe'a-Jel  a'"^Sc?Jon'\\it°^r*°'-     ^^^^^  -eLTpe"«is*^a's5^?he^°L"  of  sSppr^"^^^'^ 

tSbe.     WaLr  and  steaS  a^e  Soi  mLer7^.;r^H^''  ^**'?"^^*'  "''^  opening   Into  tho  combini^s 

a  valve  that   Jeadl  ^rtSe  bS?L?       S.«^5hh         ^"^^^^^ /he  Injector  and   the  presst.ro  opens 

injector;  this'^xcesS  rs^J^'il^^ed^tSJ^S^i'in^o^rf  ow'^af vr'%°%r i"  l""'' 
procedure,   slowly  turn  the  «it«r.  »"^o^orriow  valve.     As  the  next  step  of  th.> 

overflow  4tops       ThS  Sver?l^  vIlvo'^hi«  the  closer'   position  „ntn    the  , 

from  the  supply  lino  ?s  gol  nj  Taio  tJo  h^?7«^^°°S''  ^"k  '   "  '«> 

generally  used  as  a  stindbv  Iv^?^  «'^""""t"f'*  that  tain         a    foodwiitor  sy.st  > 

fhould  nSt"rho?te\%\rn'S;40^rSr*?if  iSo^tSr^  ?r:^!;t  to"^""^^     "  "'"-''^ 
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I'\«<'«lw;i     r  Tank 


In   nuriniil    plant  o|)t?ration,    fluid  flows 
crannot         kt»pt  oon.s  i  s  ton  1 1  y  balanced*  Often 
tho  (liiiiand   Tor  sl(»ain  Troin  a  boiler  exceeds 
l.lu*  x*i\lr  at  wh  i  rh  watt»r  is  ri»  turned   from  the 
sy.stcMn.     T»M«  ri'v^rsc?  can  also  bo  true.  Feed- 
watcT   tnnK.s  romp<Misa tc   for  such  uneven  flows 
and    l  or   thi*  «i  i  r  I  <M^»nct»s  botw«?c?n  the  demand 
and   supply  oi'  wal<*r  at  a  ^ivirn  time.  Water 
is  sloTfcJ    in   tho  tank  when   tho  supply  exceeds 
lUc  chMnnnd;    it   Is  withdrawn   to  supplement  the 
watrritHui  wIkmi   tlic  demand   is  higher  than  the 
suj)ply.     F(^ed water  tanks  installed  above  the 
It^cciwa tt?r  heater  supply  water  to  the  heater 
by  gravity    Flow;   those  installed  at  a  low 
li?vel   deliver  water  by  a  pump.     Tanks  usually 
have  water  gaugt?s,    level  controllers,  over- 
ri«)ws,   drains,   vt»nts,   etc.,   according  to  the 
type  c>r  installation* 


COND.  RCTJRN 


RAVtf  WATER 
 irf-  » 


CONTROL 
LEVER 


VENT 


SURGE  TANK 


TRANSFER 
PUMP& 


'IX 


TO  Wlll2< 


Figure  39.     Typical  Feedwater  System 
with  Transfer  Pumps 

KiMHiwa  tijr  Systi'in 

A   typical    Ic  etlwater  system  Is  shown  in  Fig  39.     This  aystem  shows  the  feedwater  tank 
with  eonnoetions   lor  the  cendensate  return  line,   a  control   lever,   transfer  pumps  going 
to  the  bt)iler,   also  a  vent  on  top  of  the  feedwater  tank. 

Makeup  Water  Systems 

The  makeup  water  system  consists  of  a  raw  water  line  being  piped  to  the  feedwater  tank 
as  shown   in  Fig  30. 


BOILER  CONTROL  SYSTEMS 


Pr<»ssuri?  Controls 


Pressure  controls  are  di^slgnated  primarily   for  steam-heating  systcims,    but  are  also 
available   lor  control  ling  air,    liquids,   or  gases  that  are  not  chemically   injurious  to 
the  eon  t  ro I  . 

Tlu»  purpose  «>r   the  pressure  control  is  to  control   the  pressure  in  tho  boiler  by  con- 
trolling the?  starting  and   sttjpping  of  the  burner.     The  pressure  control  will  secure  the 
fuel-burning  equipment  when   the  pressure  reaches  a  predetermined  cut-out  and  start  the 
fuel-burning  etiuipment  when   the  pressure  drops  to  the  cut-in  point.     Pressure  controls 
may  be  either  subtractive  or  additive. 
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dl'fIIl«„?l*of''**'^^r  pressure     otitrol   yll  I  have  two  settLtiKS.    tho  cut-out  :vnd  tho 

ler^nJ?«i   i/?^  were  operating  p.   roller  with  a  cut-in  pressure.,  of  90  poSnd^  and  a "  d1  r- 
ferentlal  of  13  pounds,   the  cut-out   pressure  would  be  103  pounds.         '^""""^  ^"'^  ^ 

The  pressure  control  can  be  mounted  either  on  a  toe  alone  vi  th  tho  r„..>^.^- 

the  control.     Apply  the  lllTlo^'ir.' r,^LTr.toTs',   1^02^1^  thi\';  r^  t''y::rt,V;:^.,..rs  '^^l^^ 

ro.pl  rrl^^^l\^^ro-  :o7  J"run%^fnT;ira"Sna^bTo"pJpfJ;.'  /^onn.^^T.  o-^b.^T^..  " 

?^ft«ii    r^^"^.  '--r^r^^  installed   at  a  slightly   h  ighor     ov</l    than  w  "u 

iaci  lito  ?L  ioi?^i       ;  ""^^         property   pUchod   to  drain  alT  o   n  -nsatlon 

back  Into  the  boiler.     A  siphon  should  be  connected   botwo.-n  tho  Drossur<-  ,>on  /  r  .i 

boiler  unless  otherwise  specified  by  the  manufacturer  pr<.ssur<    control   and  tho 

«ir,h7!l®!l  ^  mercury-type  switch  control   Is  used,   be  sure  it  Is  mounted   l.-vcl     ud   that  th.^ 
ai«?e   tJ^thi   f.nnt''  °:i*f"^^"5   m  the  direction  of   the  back         the  controrln^  It  a  90» 
a?liotfn.,  r  ^^^^  prevents  expansion  and  contraction  of   tho  siphon  froin 

a%^*rcJid°«by^^?hl^^^°eipa\1lor"and%^oftra^StloT^^°"  —  ^'""-"^  - 

Only  certified   personnel   will  make  changes  In   the  st-tting  of  a   urossuro  ^.^nty^i 
pr'IssSre^coit'r'or''''   importance  in  the  operation  of   a  bollor"     FigurT irshoS.r f     p ,  cal 


Stf-Mni  sy.stc?ms   riM|uLro  a  pr»:ssure   limit  control    to  interrupt   the  burner   in   the  evort 
1)1    unsal(^  holler  pressure.     This  control  should  be  in  addition   to  the  operatlnir  oressiii-t- 
control   and  should  bo  set  at  a  slightly  higher  pressure  so  that   it  does  not  function  in 
normal   boiler  operation. 

Burner  li.  erlock  Control 

Intorloijks  may   bo  reqiiirod   in  addition  to  the  operating'  and   limit  controls  for  safe 
<)pi»ratU)n  ol   commercial   and   industrial   burners.     Burner  interlock  controls  nerform  two 
ninc!  t  ions  ;  * 

I'      Prove    that    the  burner   is  ready   to  be  started. 

2.      Prove   that  conditions  are  satisfactory  for  the  burner  operation  to  continue. 

Use  of  interlocks  depends  on  size,  type  o:  burner,  and  codes.  The  complete  control 
system  for  tlio  commercial-Industrial  burners  could  include  the  following  controls'  (1) 
low  water  cut-off,  (2)  low-fire  start,  (3)  highsteam  pressure,  (4)  high  water  or  air 
temperature,  (5)  low  oil  temperature,  (6)  low  oil  pressure,  (7)  high  oil  temperatu-e 
(8)  combustion  air-flow  switch,  (9)  air-flow  switch  to  prove  purge,  (10)  high  gas 
pressure,  (11)  low  gas  pressure,  (12)  cock  or  valve  switch,  (13)  uptake  damper,  and 
(i-l)     dralt  ct)ritrols.     There  are  many  others  for  specific  conditions. 

A  i  r  1  I  <>w  .Sw  i  l.eh 

Steam  bt)ilers  usually  have  an  air-flow  switch   to  insure  shutdown  of  boiler  and 
proper  purge   in   the  event  of    fan  failure. 

Firing  Kate  Control 

Most   lart;e  commercial-industrial   burners  have  a  means  oi   adjusting   the  firing  rate 
within  the  maximum  (cut-out)  and  low-fire   (cut-in)   range  of  the  burner •     This  change  in 
firing  rate  may   be  governed  by  either  electric,   hydraulic,  or  pneumatic  controls. 
Burners  with   firing  rate  controls  are  required  to  be  started  at  a   low  firing  rate.  The 
firing  rate  eontrols  may  allow  the  burner  to  go  to  a  high  fire  rate,    immediately  after 
ignition  when  the  main  fuel  valve  opens,  or  may  hold  at  the  low  firing  rate  until  the 
burnt^r  stabilizes  and   the  draft  becomes  established  before  permitting  the  burner  to  go 
tn   the  high   fire  position   regardless  of  the  type  of  firing  rate,   the  controls  employed. 
Hi    It)  acempHsh  it,   the  assured   low  fire  start  provides  a  smoother 


or  tht*  mcnins  uk< 
t  t'n  i  t  i  on  . 


TYPES  OF  GAUGPJS 


Draft  (Uui|:iK 


The  tiraft  loiuge   is  usc^d   to  measure  very   low  pressures.      In  boiler  practice  a 
prt^ssure  difference  which  produces  a  gasflow  is  called  a  draft •     Draft  gauges  can  be 
made  as   Indicators,    recorders,   or  both. 

U-TUBK.     The  simplest   type  of  draft  gauge  consists  of  a  U-tube  partly  filled  with 
water.     One   leg  of  the  tube  is  connected   to  the  source  of  draft  and   the  other  is  left 
open  to  the  atmosphere.     The  difference  in  level  between  the  liquid   in  the  two  legs 
gives  the  draft  in   Inches  of  water.     In  some  models,   one  leg  of  the  U  tube  is  arranged 
on  an  incline  to  increase  the  distance  covered  by  the  liquid  in  the  inclined  portion  for 
a  given  draft  change.     The  slooc  normally  used  is  one  inch  in  ten.     Other  types  of  draft 
gauges  use  diaphragms  or  bellows  as  the  ro^jasuring  element. 

DIAPIIHAGM  TYPL:.     Figure  44  illustrates  a  diaphragm-actuated,   draft  gauge.      In  opera- 
tn>n,   uno  sidcj  of  the  diaphragm  is  connected  to  the  source  of  draft  and  the  other  is 
optMi   to   tUo  atmospliere.     The  motion  of  the  diaphragm  is  transmitted    to  the  indicating 
pt>inter  through   proper  llnk;igc.     This  type  of  gauge  may  be  used  also  to  measure  small 
pr^*ssur^^s  al>ove  atmosphorie  such  as  windbox  pressures.     The  unit  of  measure  is  in  inches 
ol   water.     Thij  connections  are  over  the  fire,    last  pass,   and  breeching  or  stack.  The 
requirements   for  proper  draft  are   .03  to   .06  inches  of  water. 
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PiKuro  '14.     Diaphragm  Type  Draft  (inUKo 


f^ossurc  Gauges 


livery  boiler  must   be  equipped  with  a  steam  pressure 
space  of  the  boiler.     The  Bourdon  is  the  main  type  of  p 
measuring  element  is  a  tube  of  flattened  cross  section 
tube  is  closed;   the  other  is  connected  to  the  pressure 
tube  increases,   it  tends  to  become  circular  in  cross  se 
is  straightened.     The  reverse  occurs  when  the  pressure 
tube  is  connected  through  a  gear  sector  and  pinion  to  a 
dial.     Bourdon  tubes  are  made  of  different  materials  to 
The  gauge  dial  is  usually  graduated  to  read  approximate 
the  safety  valve  is  set;  however,  it  is  never  graduated 
this  pressure. 


gauKo  connected    to   Liu*  stt^am 
ressure  gauge  (ligure  42).  its 
bent  into  an  arc.     One  end  of  tht; 
source.     When   the  pressure  in  the 
ction  and,   as  a  result,    the  tube 
is  reduced.     The   free  end  of  the 

pointer  moving  on  a  calibrated 

conform  with  design  pressure, 
ly   twice  the  pressure  at  which 

to  read   less  than  I  times 


Figure  42.     Bourdon-Type  Steam  Gauge 
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l*iM;;;iiirr   r«  »((M(U' r.-^i  i^^'Mcrnlly   ust?  a   i.uba  t)!*  oval    cri>ss  .M?cLli)ri  wound    in  u  licll<:al 
<M)il.     TIh»    rr<M^  c»ii(1  i)t*  the  ayi  \    Is  connected   to  the  pen  p»rm  (directly  or   tlirough  linkage 
uiul    l*'Vt?rs);    tlic?  otlu?r  end   is  connt?cted   to  the  pressure  source.     The  operating  principle 
is   Iho  same?  a.s   i\yr  the  Bourdon  tube.     The  chart  upon  which  tlio  pen  records  is  driven  by 
clockwork    ,r  a  synchronous  ol (.nitric  nK>tor . 


Mc*tliods  ol  Calibrating  Gauges 

Pressure  t'auges  should  be  checked  annually  and  calibrated  or  replaced  as  required. 
Two  methods  of  cial ibrat ion  may  bo  used:     air  pressure  and  deadweight  tester. 

AIU  I'HESSUllK.  Adequately  pressurized  air  is  a  convenient  pressure  source  when 
clu»cklng  gauges.  An  air  filter  sliould  be  installed  ahead  of  the  connection  to  the 
gii\it;es   to  provide   tliem  with  clean  air  during  the  test. 

l)liAl)Wi;iGliT  Ti;aTKU.      a  deadweight   tester   is  often  used   to  p'?  riodical  ly  clieck,  test, 
and  st»rvico  gauj;i's.     Tlie  deadwc?iglit   tester   is  a  hydraulic   unit,    precision-built  to 
obtain  basic  pressure  standards.      It  consists  of  a  manually  operated  oil  pump  assembly 
in  whic:h  a  wc^ight  platform  is  made   from  the  oil   pump  to  the  gauges  being  tested. 

A  laboratory  test  gauge  should  be  used  as  a  reference  for  checking  the  accuracy  of 
the  deadweight  tester.     Laboratory  test  gauges  are  accurate  to  within  i/4  of  one 
perc(Mit.     Laboratory  test  gauges  should   never  be  used  as  service  gauges. 

In  operation,   calibrated  deadweights  are  placed  on  the  weight  platform  and  the  pump 
Ls  manually  operated  until   the  platform  is  freely  supported  by  the  piston. 

Tlu»  oil    i)rtrssure  (which  is  shown  on  the  gauge  dial)  must  correspond  with  the 
prnssurt?  stamped  on   tlu?  cal ibrated  deadweight.     The  gauge  pointed  must  be  reset  to 
indiisite   tlu;  correct  pressure  shown  by  the  testing  method  used.     Some  gauges  are 
^  calibralt^d  by  adjusting  screws   in   the  level  system  mechanism  or  by  removing  the  pointer 
F  and  replaeini:   it  to  tlie  proper  pressure.     Refer  to  the  manufacturer's  instructions  for 
the  forrc^ct  m(?thod  of  pointer  resetting  and  hair  spring  adjustment. 

Uof.ord  i  ng-Ty  pe  I'ressure  Gauges 

Heftir   to  the  manufacturer's  instructions  for  the  correct  method  of  testing. 

Stt?ani-Fl  ow  ,   Airflow  Meter 

Figure  43  illustrates  one  type  of  steam-flow,  air  flow  meter.     The  steam  flow 
si?ction  consists  of  a  bell  floating  in  mercury  (secondary  element).     The  localized 
prtjssure  drop  created  by  the  primary  element  in  the  steam  pipe  is  transmitted  to  the 
b«*n    through   the  low-  and  liigh-pressure  connections  shown.     In  operation,  as  flow 
throuj'ih  tlie  primary  element  varies,   the  mernury   level  changes  and  the  bell  rises  or 
falls  accord  I  tig  ly.     The  motion  of   the  bell   is  transmitted   to  a  small  shaft  and  through  a 
pr<»ssure-t  i  gh  t  biNirlng  to  the  linkage  which  operates  a  pen   that  records  the   flow  rate  on 
a  chart.      Becausi>  ol    the  special   shape  of  the  bell   (called  Ledoux  bell)   its  movement  is 
ilirei:tly   proportional   to  the  change  in  flow.     Figure  44  shows   the  airflow  section  of  the 
steam- flow  air   flow  meter. 

Air  Measuromi?nt  Mt»ter 

The  function  of   this  meter  is  based  on  the  fact  that  the  amount  of  air  supplied  to  a 
lurnaci!  is  ri^lat(^d  to  the  amount  of   flue  gas  that  passes  through  the  setting.     The  gas- 
flow,   thereft)re,    indicates  the  air  actually  supplied  to  the  furnace*     Resistance  to  the 
flow  of  the  combustion  gases  through  the  setting  causes  a  pressure  drop  (draft  loss) 
sitnllar   in  effect   to  the  localized  drop  created  by  a  primary  element  In  the  steam  pipe. 
Ttio  secondary  element  consists  of  two  airflow  bells,   supported   from  knife  edges  on  a 
beam  which  pivots  on  other  knife  edges,   and  a  mercury-displacer  assembly  hanging  from  a 
knife  edge  on   the  beam.     The  bottoms  of  the  bells  are  connected  to  the  two  points   (S  and 
^  F)  of  the  boiler  setting.     In  operation,   changes  In  gasflow  produce  movements  In  the 
f  beam  which  are  transmitted  through  linkage  to  the  pen  that  records  the  airflow. 
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The  parabolic  shape  of  the  mercury  makes  the  movements  of  the  beam  directly  proportional 
to  the  chances  in  gasflow.  This  meter  can  be  calibrated  so  that  steam- flow  and  uirfiii^ 
pen  recordings  run  together  when  the  desired  amount  of  air  is  supplied.  Then  if  too  ■ 
much  air  is  supplied,   the  air  flow  n^n  moves  higher  on   the  chart   than   the  steam- flow 


pen  record ing_ 

much  air  is  supplied,  the  air  flow  pen 
pen;   if  too  little,   it  moves  lower. 


HIGH  »»Mf  SSUHl  (.UNNM.  hON 
I  OW   PHt  SSUHI  CONNlcnON 


Figure  43  Steam-Flow  Airflow  Meter 
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Figure  44,     Airflow  Section  of  Steam-Flow  Airflow  Meter 

Flow  Mi;tt?rfc; 

Flow  motors  art)   instruments  used  to  measure  the  rate  of  fluid  flow.     Often,   they  are 
indicating-recording  types,   with  integrators  which  total   the  amount  of   flow  in  a  given 
period  of   time.     The  primary  element  in  commonly  used  flow  meters  is  an  orifice,  flow 
noz;*/;  U>  or  vcMitnri    tube  installed   in  a  pipe  or  duct   (see  figure  45).     The  operating 
principle   is  the?  same   In  all   three  types.     The  primary  element  produces  a  localized 
prossiiro  drop   in   the   line  which  depends  on   the  rate  of    flow.     One  commerical    flow  meter 
li:is  nil  orHlri',    flow  noy.^.l  <•  or  vc?nturl    tube  and  a  scsconHary   tflement   to  measure!  and 
translate*  tin?  prc^ssiiro  drop  into  pounds  per  hour,   cubic   feet   per  second   (cf s)  ,  gallons 
pi?r  fninutt'   (iu>'")»    <>J*  any   other  unit  desired. 


Figure  45«     Venturi  Tube  for  Flow  Metering 
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Temperature  Meters 

These   instruments  are  used   to  measure  the  temperature  of  a  fluid.     Th(?y  can  bo  ^ 
indicating   (generally  called  thermometers)  or  recording  types.     The  most  common  thermo- 
meter consists  of  a  glass  tube  from  which  air  has  been  removed.     The  upper  end  is 
closed;  the  lower  is  expanded  into  a  bulb  and  filled  with  a  suitable   li(iuid,   such  as 
mercury.     When  the  bulb  is  heated,    the  liquid  expands  and   rises  in   the?   tubf?;  it 
contracts  and  drops  when  the  bulb  is  cooled.     Dispersement  of  the   liquid   throu^jh  the 
tube  is  proportional   to  the  intensity  of  the  heat.     Divisions  marked  on   thi?  tube?,   or  on 
an  adjacent  surface,    indicate  the  degree  of  temperature.     Thermometers   for  remote 
indication  may  consist  of  a  gas-filled  system  which  includes  a  bulb,   capilliiry  tubinj^:, 
and  helical  coil.     Temperature  changes  at   the  bulb  end  actmit(?  the  coll   at   th(»  othor 
end.     Length  of   capillary  varies  with  bulb  slise.     This  typo  oT   thermt)ino  tt»r  ciui  bo 
adapted  for  recording  by  attaching  a  pen  through  proper   llnkai;e  at   tho    I  r(  o  oud  <>!  th(» 
helical  coil.     The  pen  records  on  a  chart,   mounted  on  a  rotatlni;  ass(Mnb]y  whirli  Is 
operated  by  clockwork  or  a  synchronous  electric  motor. 

Servicing  of  Pressure/Temperature  Recording  Equipment 

Daily.     Replace  charts  at  the  same  time  each  day  (usually  at   12:00  midnight). 
Inspect  for  leaks  and  correct  operation.     Yearly.      Inspect   f c r  the   following:      (a)  leaks 
in  piping  or  equipment,    (b)   corroded,   eroded^  worn  out,   or  otherwise  defective?  parts, 
(c)  plugged   internal  passages,    (d)  clogged  pipes,    tubing,   or  connections,   (e)  loose? 
connections,    ( f )  defective  gaskets,   diaphragms,   or  bellows,    (g)   dirt  or  foreign 
material,   (h)  short  circuits,   open  circuits,  defective  transformers,    loose  connection, 
grounds,   or  defective  insulation  in  electrical   type  meters,    (i)   defective*  operation  of 
clockwork  mechanism  or  electric  motor,    (j)  binding  of  moving  parts,    (k)    incorrect  meter 
calibration,   (1)  mercury  contamination. 

Servicing  Draft  Indicating  and  Regulating  Equipment. 

The  servicing  of  draft   indicating  and  regulating  equipment   is  essentially   tho  same 
as  servicing  of  pressure/ temperature  recording  equipment  as  well   as  s(?rvit:ing  of    flow  ^ 
meters  and  records. 


The  programming  control   system  provides  ignition  and    f'am<»  failure?  prot(?ctit>n  for 
industrial  and  commercial  oil,   gas,   or  combination  oil/gas  burners.      In  con junc.tion  with 
operating,    limit  and  interlock  devices,    it  automatically  programs  each  startinR, 
operating  and  shutdown  period.     The  system  consists  of  a  programming  control  and  a 
scanner  that  uses  the  cell   to  visually  supervise  both  oil  and  gas  flames. 

The  system  monitors  both  main  and  pilot  flames  and  does  not  permit  tho  main  fu(?l 
valve  to  be  energized  unless  pilot  flame  has  been  established  and  proved.     With  an 
alternate  connection  for  burners  having  direct  spark  ignition,    the  unsupervised 
trial-for-ignit ion  period  is  precisely  restricted  to  a  safe  short  interval. 

A  programmer  control   programs  the  operation  of  blower  ard/or  burner  motor,  ignition 
system,   fuel   valve,   and  modulator  system  in  a  proper  sequence  that  includes  suitable 
purge  periods  before   ignition  and  after  burner  shutdown.     Additionally,    it   is  d(?signed 
to  close  all   fuel  valves  within  I  to  4  seconds  upon   loss  of   flam<?  signal.     The?  control 
recycles  automatically  each  time  the  operating  or  limit  control   closes,   or  after  a  pow(^r 
failure,   but  locks  out  and  must  be  reset  manually  following   flame  failure!. 

A  scanner  system  on  some  programmers  incorporates  a  safety-checking  circuit   that  is 
effective  on  every  start.     Any  condition   that  will  cause  the   flame  relay    to  hold  in 
during  the  checking  period  will  stop  the  program  before  any   ignition  circuits  ar(» 
energized  and,    if  sustained,  will   result   in  safety  lockout. 


PROGRAMMING  CONTROL 
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Figure  46.     Mounting  Base  Programmer 


All  wiring  connections  are  made  to  the   terminal   panel   at   the  bottom  of   the  housing. 
(See   figure  46.)     Separate  knockouts  are  provided   for   conduit  connections   for  line 
voltage  and  scanner  circuits.      Generally,   models  may  be   interchanged  without  changing 
any  wiring  connections.     On  some  models  you  must  verify  all   wiring  connections  before 
operating.      The  control   chassis  plugs  securely   into   the  housing  and   is  secured  by  the 
two   thumb  screws.      (See  figur'^*  47.)     The  scanner  may  be  located  up  to  100  feet   from  the 
control.     Continuous  conduit  bonding  between   scanner  and  control    is  mandatory.      Do  not 
pass  scanner  wiring   through  any  junction  box  containing  other  wires,    and  do  not  run 
other  wires  through  scanner  conduit.     The  reason   for  this  is  that   stray  voltage  from 
other  wires  can  affect    the  scanner  signal. 

Maintenance  of   some  scanner  systems  has  relay  contacts  designed  with  adequate  wiping 
action   for  self'  cleaning  under  normal   conditions.      In   atmospheres  carrying  excessive 
dust  or  oily  vapors,    contacts  may   require  occasional   cleaning.      Use  only  a  fine  grade  of 
crocus  cloth  for  cleaning.     Do  not   file.     To  protect  against  high-resistance  leakage  in 
an  electronic  circuit   resulting  from  high  humidity,    it   is  recommended   that   the  control 
be   left  powered  continually  even  when  not   in  operation.      If  it   is  necessary   to  shut  down 
completely   for  an   extended  period,    power  should  be   turned  on   for  48  hourG  before  putting 
the  control  back   in  opeiation.      It   is  recommended   that  units  purchased  as  spares  be 
rotated  periodically,    so  that  each  unit  will   be  placed   in  operation  at   least  every  90 
days,    to  ascertain   that   the  spare  unit   is  in  working  order.     This  wl I i   prevent  possible 
deterioration  of  a  unit  stored  over  a  period  of  years. 
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In  addition  to  the  above  mentioned  maintenance,    the  following  should  also  be 
included : 

a.  Perform  a  flame-failure  check  and  pilot  turndown  test  whenever  the  burner  is 
serviced  at  least  annually. 

b.  Inspect  and  clean  the  detector  and  any  viewing  windows  as  often  as  soot 
accumulation  and  heat  conditions  at  the  detector  make  it  necessary. 

c.  Perform  a  flame  current  check  at   least  monthly,   and  more  often  where  a  shn.  cdown 
may  be  costly. 


Figure  47  Programming  Control 


^iUMMARY 

We  have  studied  t!      purpose  of  a  Central  heating  plant,    the  components     -iiat  keep  the 
central  heati-^cr  pij;!  .     perating,    the  control  systems  on   the  high  pressure  toiler  and 
types  of  water    tube    ^nct  fire  tube  boilers.      It   is  important   to  remember  th  each 
manufacturer  will  have  their  own   type  of  control  system. 


1.      Using  a  subtractive  type  pressure  control,   you  want   the  burner  to  shut  off  at  20 
psig  steam  pressure,   but  in  at  15  psig,   what  would  the  settings  be  on  the  control? 


2.     V/hat  Is  a  central   heating  plant? 


3.     What  boilers  are  considered  portable? 


4.      Name   the  pressure  parts  of  a  boiler. 
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What.   Js   t  lu»    lirrc»rcnc<»  butwoon   fire  tube  and  water  tube  boiler? 


Accordint;   to  ASMK  code,   name  the  sequence  of  blowing  off  a  boiler. 


7.       What   is   tho  minimum  pipe  size  between  water  column  and  boiler  according  to  ASME? 


8.       What   is  a  turbine? 


0.        What  :iro   tho  basic   parts  of  a  turbine? 


10.      Name  tht>  typos  of   fecdwater  regulation. 


11.      What  part  of   the  thermo  expansion   type  feedwater  regulator  depends  on  the  flow  of 
water   into  the  boiler? 


12.     What  opc^ratos  the  valve  on  a   thermohydraul ic  feedwater  regulator? 


Hi,      UrinCly   oxplaln   how  a   reciprocating  pump  operates. 


1-1.      Mow  many   tricocks  must  be  installed  on  a  water  column? 


ir>.     What  art?  interlocks? 


16.     How  <>ft<?u  are  programmers  rotated  on  a  basic  control  system? 


17.      Kxplain   how  air   flow  m<iter  works. 


18.     What  art?   tho   typos  ;>f  draft  gauges? 


19.      What    is    lUr  main    typo  of   pressure  gauge  used? 


20.     Whore   is   the  presstire  control  mounted? 
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BOILER  OPERATIONS 

oi3Jh:cTivfc:s 

Given   inrormation,    operate  a  steam  boiler  with  instructor  assistance. 

Given  information,   determine  step-by-step  procedures  for  oeprating  and  maintaining 
oil    prehoators  with  70%  accuracy. 

Given  simulated  job  type  entries,   complete  steam  logs  and  fuel   consumption  report 
with   instructor  assistance. 

INTRODUCTION 

Tlie   following  will   be  covered   in  this  unit: 

Boili?r  Operation 

i:mergency  Shutdown  Procedures 

Plant  Operating  Logs 
I NFOKMATION 

BOILER  OPERATION 

Prcopora  tional    1  n«pt»c  t  ion 

U<;fore  starting   up  a  boiler,    inspect   the   installation  carefully  and  make  certain  the 
following,  recpi  i  remen  ts   are  satisfied- 

  All    installation,    repair,    and   cleanup  work  completed. 

 All  air  and   t'lue  gas  ducts  and  passages  are  tight  and   free   from  obstructions, 

and  air  and   flue  gas  control  dampers   in  good  operating  condition. 

  Check  all  piping   for  leaks. 

  Inspect  water  column  blowdown  lines  and  gauge  glasses  for  proper  installation 

and  connection.     Gauge  glasses  should   be  clearly  visible  from  the  operating 
floors  and   lamps,    if  provided,    ready   for  operation.     The  drain  valve  on  the 
water  column  must  be  closed  and  the  valves  between  the  column  and  boiler  locked 
open . 

  All   valves  must  be  inspected:     Good  operating  condition,   bent   stems,    and  missing 

or  brok(>n   hand  whoels- 

  Chock  all    auxiliary  o(|Uipment   such  as   fuel  burning,   draft,    ash  disposal,  feed- 
water  and   (iombustion  control  systems   for  proper   installation  and  operational 
readiness.      Make  certain  safety  valve  gauges  have  been   remr  ^  }d  valves 
propcirly   sc»  t  and  workable. 

 Make  sure  all    boiler  maiiliole  and   hatidhole  covers  have  been   reinstalled.  Check 

to  maKe  certain  no  one  is  inside,  then  see  that  all  access  and  observation  doors 
a  re  c 1 osed - 

 Klectrical   system  sliould  be  checked   for:     oil-soaked  or  .frayed  wire  insulation, 

damaged  or    loose  conduit,    and   improperly   secured  control  boxes. 

  Make  sure  guards   for  moving  parts  are   tight   and   in  proper  position. 

  Pressure  guages  must  be  correct  and  clean.     They  must  be  well   lighted  and  the 

I  cock   in   line  must  be  open. 

  Auxiliary  equipment:     Be  sure  to   inspect  and   check  out,   as  far  as  possible 

before  actually   lighting  off.     Check   lubrication  of  equipment   having  bearings. 
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""s*         clean,   nozzle  must  be  clean.     Check  and  set  electrodes 
fittings  must  not  leak,  and  check  operation  of  burner  safety  switch. 

Oil  system:     Inspect  for  leaks;  make  necessary  repairs  if  leaks  are  present. 

Strainers:     inspect  and  clean.     Renew  if  wire  mesh  Is  defective. 

Gas  burners:     Check  the  pilot  and  main  gas  cock  for  smooth  operation  Check 
copper  tubing  for  restriction  due  to  kinks  and  flat  spots.     Mr  sh  uUrs  m^st 
operate  freely.     Linkage  must  not  have  excessive  amount  of   lost  motion       n  rLr 

I2i  "^T?  f^f  r^''^  """^^  supported.     Be  sure  boiler  room  has  no  frec^ 

gas.     If  gas  Is  present,   ventilate  and  test  piping  with  soap  solution. 

Safety  for  High  Intensity  Sound 

heating  plants  thei     is  a  lot  of  equipment  that  produce  sound  that  c-an  he 
irmful     to  the  human  ear.     It  Is  now  a  standard  safety   practici  to   Issue  Jnd  use  ear 
plugs  in  Air  Force  central  heating  plants.  ^-^^m.  ana  use  ear 

Boiler  Start  Up 


be 

starf  ?n'diJ:d^5raft'%a°n.'''"  ^^"^  ^^"^-""^  sa.npllng  lines; 

the  ?S?ceS'dr'aS^1an.°'  °'  ^""^--"^  '^^^ 

If  regenerative  air  preheater  is  Installed,   start  the  rotor. 

Purge  the  setting  of  all  combustible  gases  by  circulating  air  for  at  least  5  minutes 
at  the  rate  of  about  one  fourth  of  the  requirements  for  maximum  capacity  of  the  unit 

Light  Off  the  Boiler 

the 


b..lrTn6  can'\rSaSger'S;s''  i-omplete  combustion  may  occur  .1th  a  cold 

--e  steam  pressure  gauge  to  h«  p  re  It  eglstr-l   g.     When  the  s-;im  Irum 

ire  of  £  cproxlmately  15  i>f  l|j     clof      th-'   drum  vent  valves. 

xoo  up  on  the  stem  of  the  main  steam  stop  valve  to  prevent  serious  expansion 
stresses.     If  there  Is  no  steam  on  either  side  of  the  valve,    lift  the  valve  slightly  and 

sioe  oi  trie  main  stop  valve* 


Maintain  normal  water  level  by  blowing  down  or  feeding  water,  as  required.     Tic  sur 
ca^^r:^^^n^:^lis^^^°:n^s?  -^-^^^^^        -  superheater  is  used.  Since  water  may 

Check  for  leaking  gasket  joints.     If  a  leaking  gasket  is  found,   shut  down  the 
boiler,  drop  pressure,   and  tighten  the  Joint.     Should  the  gasket  persist   In  leaMnc 
replace  it,  and  repeat  the  starting  sequence.  leaKing, 
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Normal  OporaLlon 


In  normal    «)p4!ratlon,  boiler  operators  havo  three  main  responsibilities.     The  first 
and  raost   Important   Is  to  maintain   proper  water   level  at  all   times;   the  second,   to  main- 
tain doslriKl   st<?am  pressure,    irrespective  of   load  changes;   and   the  third,   to  prevent 
loss  of   Ignition  when  burning  fuel   in  suspension  (pulverized  coal,    gas,   or  fuel  oil). 

Check  the  water  gauge  ^riass  frequently  to  be  sv -e  it   is  giving  a  correct  indication 
and   that  proper  water  level    is  being  maintained. 

Always  maintain  safe  and   efficient  combustion  conditions  and  correct  fuel^air  ratios 
in  the  furnace-      If   ignition  is  lost,    care  should  be  taken  to  assure  explosions  do  not 
rosult   from   ignition  of  cc3mbustlon  gases  when  the  furnace  is  relit. 

Operational    personnel   will  maintain  the  equipment   to  the  maximum  extent  possible. 
While  attending  the  unit,   the  operatoi   will    perform  all  maintenance  within  hlc 
capability   to  assure  safe  plant  operat:'on.     If  he  finds  unsafe  conditions,   he  will 
remain  at  the  plant   until  the  conditions  aro  corrected  or  the  firing  equipment  is 
ImmoblliT^ed   and  the  hazard  eliminated. 

Operational  Checks 

Blow  down  the  water  column  once  each  shift;   before  placing  a  boiler  on  the  line;  or 
whnn   In  doubt  as  to   the  actual   water  level   in  the  boiler.     Blowdowns  help  remove  scale, 
dirt,   or  any  solid  matter  which  could   plug  the  gauge  glass  connections  and  cause  a  false 
I  nd  i  ca  t  Ion  . 

Blow  down  gauge  glasses  only  when  necessary,  and   if  so,  blow  down  gently.  Excessive 
blowdown  roughens  the  glass.     Usually,   when  the  water  column  is  blown,   the  gauge  glass 
Is  sufficiently  cloancxl. 

Securing  the  Boiler 

Before  shutting  down,   operate  the  soot  blowers  while  the  boiler  is  still  in 
ope  ration . 

Gradually  reduce  output  of   the  boiler  by  cutting  down   the  fuel   and   air  supply. 
Maintain  normal   water  level. 

When  the  boiler  output  is  reduced   to  about  30  percent  of  the  rating,   change  the 
Cftnbustlon  control    from  automatic   to  manual  operation. 

When  the  load   has  been  reduced   as  much  as  practical   with  fuel  burning  equipment 
provided,   shut  off   the   fuel  supply. 

Continue  op<?ration  of  draft  equipment   until   all   fuel   accumulations   in  the  furnace 
hav(i   b;»en  burmxi   and   the   furnace  is  thoroughly  purged. 

Shut  down  ft    fans  and   close?  ds^r>>rr     <    '  s  <        ,  ^oin^acors  and   supply  dampers. 

incMi  st  «;ssur<.'   in  tlie  boiler  drops  below        Aor  pressure,   close  the  header. 

So  '^w  down  ho  stem  of  the  nonreturn  valve.      If    cwo  hand-operated  header  valves  are 

ustid,  c  1  os<  After  the  boiler  stops  steaming,  open  all  drain  valves  between  the 

nonreturn  and  header  valves. 

Cool    down  the  boiler  at  a  rate  not  exceeding  a  ICQ  degree  F.   drop  in  saturated 
boiler  water  temperature  per  hour.     Excessive  stresses  in  pressure  parts  can  be  set  up 
If  the  rate  of  pressure  and   temperature  change  is  excessive. 

When  the  boiler  no  longer  requires  any  feed,   open  the  valve  in  the  recirculating 
connection  of   the  econonizer. 
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^utr  u.um  pre=,=,ur«:.  arops  to  approximately  15  psi.   open  tliu  supi-rluM t.cr  uutloL 
and  nonreturn  valve  drains.     Open  the  steam  drum  vent  valves.      If  the  boiler  lose^  ' 
pressure  at  a  rate  faster  than  allowed   (see  para  above),    tlirottle  drain  '    '   "s  as 
necessary.     If  a  regenerative  air  heater  is  provided,   stop  the  rotor  wIk  boiler 
exit  gas  temperature  drops  to  200*F.  u«i icr 


Boiler  Safety 

When  it  romct.   to  duties  involving  the  installation,   operation,    repair,    or  .servicitiK 
^L^^i^""^'  SAFETY  cannot   be  over  emphasized.     Much   progros.s  has  been  macie 

^®  ^^^""^  ^"  development  of  safety  devices  for  boilers.     There  are  still   many  * 

ways,   however,    in  which  serious  accidents  can  happen  around   boilers.      A  boiler  oper-itor 
or  serviceman  who  is  careless  in   the  performance  of  his  job  pose.s  a   threat,  nut  „.lv  to 

h^^Il  safety  but  to  the  safety  of  others.  It  .seems  that  aecldents  somehow  have"  a  wav 
ol  happening  at  a  moment  we  least  expect.  All  the  more  reu.son ,  therefore,  lor  eoi.stant" 
alertness  and  close  attention  to  detail.     Don't  take  chane(;.s.     BK  SAFilTY  CONSCIOUS. 

EMERGENCY  BOILER  SHUTDOWN 

Prr.ctically  anything  that  malfunctions  in  a  central  plant  can  be  considered  an 
emergency.     The  single   largest  outlay  of  money   in  a  central   plant   is   for   the  pressure 
vessel     and   if  this  vessel   is  not  operating  properly,    it  is  probably   the  m.JSt  dangerous 
piece  of  equipment. 

As  an  operator,   you  should  know  all   the  emergency  procedures  that  apply   to  your 
plant  and  should  be  able  to  react  calmly  and  swiftly  to  any  emergency. 

Low  Water 

Probably  the  most  common  emergency  is  low  water  in  the  boiler.     When   this  eonditioj 
exists,    the  main  consideration  is  to  prevent  damage   to   the  pressure  parts,    espc-cially  ' 
the  steam  drum.      If  a  low  water  condition  occurs  in  boilers   fired   by    fuel   oil     gas  or 
fnH''«h,^?^'*^.?°^,\'  f.^^^^  immediately   if  water  does  not   show   in   the  water  glass, 

and  shut  off  all  airflow;   then  close  the  steam  outlet  valves  to  stop  any  further 
delivery  of  steam.     This  prevents  a  sudden  pressure  drop  with  a  corresponding  change  in 
temperature.     Shut  off  the  feedwater  supply  to  the  boiler.  h  m 

A  slight  draft  of  air  through  the  boiler  may  tend  to  stabilize  th         ■  iatur> 
throughout  the  pressure  parts.     The  induced  fan   (e;    the  forcea  draft,  .e  unit  has  ,o 

induced  fan)   can  be  started  xtp  with    the  •  virlrol  damper  almost  closed-     ;      ee  stoker  -  r 
hand-fired  boii<..-    car  v^-   br     h,,t   off  c    .ckly,   the  water  will   c     tinue   to  be  boil,-d  o.,; 
II   tne  wic-  -r  i^.n    .t  be  (t«.in  r-«  ined ,    the  tubes  or  boiler  pi    te  will   probably  be 

,,«ii.'.r-a.      i'.TdoR.  .    ely  stop  the  supply  of  fuel  and  air  to  the  boiler,   and  smother  the 
fi.  ome  noncombustible  material  such  as  ashes,   taking  care  to  avoid  an  explosion. 

Clc _   the  steam  outxet  valves  to  slow  down   the  drum  pressure  drop  as  much  as  possible. 
In  supplying  feedwater  to  the  boiler,   you  should  attempt  to  maintain  a  normal  water 
level  without  drawing   too  heavily  upon   the  supply   to  other  boilers.     Shut  off   the  feed- 
water  supply  as  soon  as  the  brickwork  has  cooled   sufficiently   to  prevent   injury   to  tlie 
boiler  by  overheating. 

Furnace  Explosions 

If  an  explosion  extinguishes  the  furnace  fires,   shut  off  the  fuel   supply  and  open 
the  superheater  outlet  drain  valve  on  superheater  Installations.     Close  the  boiler  main 
steam  stop  valve  and  keep  a  normal  water  level.     Thoroughly  purge  the   furnace  of 
unburned  combustibles  and  inspect  the  boiler  installation  for  damage.  no  appreciable 

damage  is  found,   the  boiler  may  be  placed  back  in  service.     If  the  wa  l       .cvel  has 
fallen  below  the  bottom  of  the  water  glass,   proceed  as  for  a   low-water  condition. 
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(romplc^te  Failure  of   Ignition   (Fuels  Burned   in  Suspension) 


ir    tJiis  r.onditlon  occurs,    you  should  shut  off   fuel   to   the  burners  and  open  the 
superlujii tur  outlet  drain  valve   in  superheater  installations.     Close  the  main  stop  steam 
valve  and  maintain  a  normal   water   level.     Do  not  change  the  burner  airflow.      Purge  the 
yetting   for  5  minutes  with   the  existing  airflow.     Place  the  boiler  back  in  service  by 
following   normal   start  procedures. 


Failure  of  Combu.stlon  Control 

11  ei>mbustion  control    failure  occurs,    try  to  transfer  to  manual  control.      If   this  is 
siicceSKful,    continue  the  operation.      If   it   is  not,    extinguish  the  fires  and   proceed  as 
in  a  normal  shutdown. 

Failure  of   Feedwater  Regulators 

Wlien   feedwater  regulators   fail ,   maintain  the  water   level   by  manual   operation  of  the 
control   system  or  by  hand  manipulation  of  the  bypass  valve.      In  a  case  of   low  water, 
proceed  as  you  would  with  a   low-water  condition.      If  high  water  occurs,    reduce   the  level 
by  blowdown.      Inspect  the  feedwater  regulator  and  bypass,    and  eliminate  any   leaks  that 
are   found . 


Draft   System  Failure 

In   balanced  draft  systems,    if   the   induced  draft   fan  fails,    stop  the   forced  draft  fan 
jind    luel    >iupply.      Shut  down   the  boiler.      If   the   forced   draft   fan   fails,  continue 
operation  at   redurod  capacity,    if   possible.      If   not,    shut   down  the  boiler. 


Priming  and  Foaming 

If  priming  and  carryover  are  caused  by  a  high-water   level,   blow  down  the  boiler 
until   the  normal  operating  water   level   is  obtained.     Then  check  the  operation  of  the 
feedwater   regulator  and   look   for  a   leaking  valve   in  the   feedwater  system.      Priming  .lu 
foaming  are  often  caused  by  a  high  concentration  of  solids   in  the  boiler  water,    plus  a 
sudden  steam  demand.      In  these  cases,    reestablish  boiler  water  total  solids   to  safe 
limits  by  blowing  down  and   feeding  properly   treated  water.     Then  check  the  water 
treatment  operation.     A  liberal   use  of  the  continuous  blowdown  system  sometimes 
accelerates   the  return  to  normal  operations. 


Because    tht?y   are  highly   viscous  when  cold,    residual   oils  no.    5,    no.    6  and   bunker  C 
must    be  luxated.      lU^ating   is  usually   carried  out   in   two  steps.     The  first   heating   is  done 
in    the  oil   storage*  tank   itself,    or  at   the  tank  outlet,    to   facilitate  pumping.  A 
viscosity   of  700  SF(Seconds  Saybolt  Furol)   is  adequate   for  pumping.     This   is  obtained  at 
a    temperature  of  about   100*F.      The  second  heating   is  done   in  a  fuel   oil   heater  located 
het.woon   the   pump  discharge  and   the   fuel   oil   burners.      Viscosities  of   150  SSU  (Seconds 
yaybolt   Univer«al)   lor  mechanical   atomizer  burners  and  200  SSU   for  steam  atomizer 
burners  are  usually  adequate.     These  are  obtained  at  approximately  210-220*F.      Use  t. 
li^west   temperature  that  produces  satisfactory  operation,   avoid  overheating.      The  usual 
types  of   fuel   oil  heaters  are  steam,    electric  and  below-the-water-line. 

Steam  Heaters 

As  a   rule   these  heaters  are  of   the  shell  and   tube  type,   with  a  device  to  regulate 
the   temperature  of  oil    leaving  the  heater.     The  roost  common  device   is  a  thermostatic 
bulb,    immersed   in  the  oil    lint?  at   the  heater  outlet,    which  operates  a  steam  control 
valve.      A  small   ri^lief  valve  usually  protects  most   steam  heaters  from  excessive  pressure 
in    the  oil  side,     A  safety   valve  of  adequate  size   is  also  necessary  to  protect   the  steam 
side  of    the  heater   from  excessive  pressures.     A  steam  trap  to  handle  the  condensate  is 
ncMUNSsary . 


FUEL  OIL  HEATERS 


Electric  Heater 

Electric  heaters  are  usually  employed  when  the  fuel  oil  heaters  installation  is 
located  far  from  steam  lines  or  when  the  plant  has  to  be  started  on  residual   fuel  oil 
without  the  assistance  of  an  auxiliary  fuel.     One  tvpe  of  electric  heater  consists  of  a 
sheathed  resistance  element,   immersed  directly  in   zhe  fuel  oil   to  be  lieated.     A  relay 
actuated  by  a  thermostat  interrupts  the  heater  current  when  the  proper  temperature  is 
reached. 

Below-The  Water-Liae  Heaters 

These  heaters  are  of  the  shell  and  tube  type.     They  operate  much   like  the  steam 
heaters  discussed  already.     The  main  difference  is  that  they  use  hot  water  from  a  stoam 
or  hot  water  boiler  instead  of  steam.     Heaters  used  in  steam  boiler   instr.l lation  a. 
installed  with  their  center   lines  below  the  boiler  water   line.     The  boiler  suppliers  hot 
water  to  heat  the  fuel  oil.     Generally,   a  gate  valve   located   in   the  wator  circulation 
and  oil   temperature.     The  water  may  be  returned  directly   to  the  boiler.     liowt^vor  this 
introduces  the  possibility  of  oil  entering  the  boiler.      in  some  Installations,    it  is 
first  passed   through  an  oil  separator  whore  any  oil  entrained   from  oil    leaks   Is       toe  ted 
and  removed.     Forced  or  natural  water  circulation,   depending  on  the   typo  of 
installation,   is  used. 

Electric  System  Failure 

If  the  electric  system  fails,   start  the  steam-driven  auxiliary  equipment.      If  all 
auxiliaries  are  electrically  driven  and  no  other  emergency  f'^  rce  of  power  is  provided  a 
complete  shutdown  will  occur.     ''Bottle  up'*  the  boiler  to  eliminate  the  need   for  boiler 
feed.     While  power  is  being  restored,   prepare  the  boiler  equipment  to  resume  operation. 
"Bottling  up"  the  boiler  consists  of  extinguishing  the  fire,   closing  up  the  stop  and 
nonreturn  steam  valve,   stopping  the  draft  fans,   and  stopping  the  boiler   feed.      (With  no 
steam  output,   the  boiler  water  level  will  be  maintaixied . )     Review  the  plant  installation 
and  determine  in  advance  how  water  is  supplied  to  the  furnace,   how  air  is  supplied  for 
combustion,  and  how  the  operation  of  valves  and  safety   devices  can  bo  continued   IT  thei 
is  an  electric  power  failure. 

PLANT  OPERATING  LOGS 

How  would  you  like  to  pay  a  fuel  bill  of  $150,000  a  month?     If  you  had  a  bill  of 
this  size,  you  would  surely  want  to  get  the  heating  value   that  you  were  paying  for. 
Your  base  may  have  a  comparable  fuel  bill  that  must  be  paid  just  as  home  owners  have 
fuel  bills  that  must  be  paid.     The  government  pays  its  bills  from  public   funds,  which 
come  from  our  taxes,   and  is  charged  by  the  Congress  to  be  prudent  in  the  oxpondituro  of 
these  funds.     As  an  aid  and  management  tool  to  satisfy  this  congressional  requirement, 
the  Air  Force  has  developed  reporting  procedures  to  enable  it  to  monitor  fuel  consump- 
tion for  utility  heating. 

These  reports  begin  in  the  heating  plant  with  us!     If  w3  compile  a  report  that  is 
not  accurate  and  factual,   we  are  deceiving  ourselves  and  our  supervisors.      in  this 
section,  we  will  discuss  the  required  reports  and   learn  how  to  translate  meter  informa- 
tion and  compute  the  required  Information. 

The  Daily  Steam  Boiler  Plant  Operating  Log,   AF  Form  1458,    provides   the  means  of 
recording,  on  an  hourly  basis,   continuous  data  that  can  affect  the  operation  of  all 
centra]   steam  plants.     The  Monthly  Steam  Boiler  Operating  Log,   AF  Form  14G4,  is 
completed  each  day,   using  the  information  compiled  and  computed  on  the  daily   log.  The 
instructions  for  completing  these  logs  are  printed  on  the  reverse  of  each  form. 

Each  operating  shift  at  constantly  attended  steam  plants  will   fill  out  AF  Form  1458, 
Daily  Steam  Boiler  Plant  Operating  Log.     The  information  from  this  form  is  posted  daily 
by  plant  supervisor  on  AF  Form  1464,  Monthly  Steam  Boiler  Plant  Operating  Log.  Instruc- 
tions on  the  back  of  these  forms  tell  how  to  prepare  them.     Keep  the  forms  neat  and 
legible.     Do  not  recopy,   rewrite,   or  retype  them,   but  submit  them  as  prepared  at  the 
plant . 

Every  plant  not  constantly  attended  by  an  operator  must  set  up  a  system  I'or 
recording  scheduled  operational  visits-     Operational  visits  must  be   long  enou^^h  to 
permit  observation  of  a  complete  cycle.     Each  time  an  op<»r:itor  makes  a  visit,   h(^  will 
enter  the  appropriate  information  on  AF  Form  1458. 


SUMMARY 


Uotorc  li>;htLng  of  C  a  boiler  mako  certain  all   valves  are  open  or  closed  as 
no<*ossary.      Insp<>ct  safety  valves,    chock  boiler  water   level  and    fill  boiler  to  just 
b«M  t)W  1/2  fjaugt?  Klass.      If  boiler  is  now  and   has  never  been  in  service  boil   out  for 
2  1—18  hours.      Aftt^r   lighting   fires  make  certain   ignition   Is  maintained.      If  steam  header 
and  fMstribuLion  systc?m  ar<»  not  under  pressure,   warm  up  boiler  and   system  simultan- 
eously.     fh<»  thr<><»  main  responsibilities  of  boiler  operators  are  to  maintain  proper 
wat^»r  l<»v<?l  .  maintain  d<?slred   steam  pressure,    prevent   loss  of   ignition.     Secure  fires 
when  load  has  been  reduced  as  much  as  practical 

AF  Form  1458   is  the   "Daily  Steam  Boiler  Plant  Operating  Log."     Data  should  be  posted 
daily   to  AF  Form   14G4,   ''Monthly  Steam  Boiler  Plant  Opei^ating  Log,"   from  the  daily  log. 
Follow  instructions   from  reverse  side  of   logs   for  the  preparation  of  steam  boiler  plant 
logs.     The  Base  Civil   Engineer  will  certify  competent  operators. 


QUK8TIONS 

1.      What   is  the    form  number    for  the  Daily  Steam  Boiler  Plant  Operating  Log? 


2.      What  is  the  purpose  of   wearing  ear  protection? 


3.      How  oft(?n  are  (entries  made  on  AF  From  1464? 
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HIGH  TDMPEHATURE  WA.ilR   HKATING  SYSTEMS 


OIJJIX  T  I  VM  S 


Clivoii   iaforn-   ilou      idontil.\    the  meth<  is  of  producing  high   temperature  water  with  70% 
ai'.c  urjicy . 

KoM    vin,     •  t  (  t>- l  y-step  procedures,   operate  and  maintain  the  high  temperature  hot 
water  healiiHc       Ntem   trainer  and  distribution  with  insructor  assistance. 

Using   information,  maintain  a  pumping  system  with  instructor  assistance^ 

Given    information,    list  the  procedures  for  performing  hydrostatic   test  on  generator 
and  oxpansion  drum  with  70%  accuracy. 

INTUODUCTION 

Until    recently   the  steam  heating  system  was  the  most  commonly  used  heating  system. 
A  nuinb(*r  of   years  ago   the  use  of   HTW  for   large  central   heating  systems  was  practically 
unknown    in  this  country  and  very   few  attempts  were  made  at   that   time  to  consider  its 
appncativ)n.     The  high   temperature  and  high  pressure  created  apprehension  and  concern 
about  excessive  cost- 
It  was   left   to  the  engineers  of  our  Armed  Forces,   who  had  seen   the  efficient  central 
heatini^:  systems   in  Europe  during  World  War   II,    to   reciuest  a  study  for  application  of 
similar  IITW  systi^ms   for   the  new  Air  Force  Bases  which  were  then  planned  or  under 
construction   thiout^hout   this  country. 

During  the  past  few  years,  however,  the  HTW  system  has  shown  a  phenomenal  growth. 
It  has  Kone  from  a  very  meager  beginning  in  1952  to  a  multibillion  Btu/hr  business  at 
l)rt?-s>Mit.  A  i.:ra(5ual  displacement  of  the  steam  system  by  the  HTW  system  may  be  antici- 
pated  in   the  comlni^  years. 

The  basic  design  of  a  HTW  system  essentially  considers  three  factors:     conversion  of 
steam  boilers   for  use  as  HTW  generators,   use  of  a  conventional   steam  boiler   to  supply 
steam  to  a  cascade  heater,   or  special  designed  HTW  generators. 


High   temperature  water   (HTW)    is  the  term  normally   applied  to  this  type  of  system. 
HTW  systems  operate  well    in  excess  of   the  atmospheric  pressure  boiling  point  of  212*F. 
The   temperature   range   for  Air  Force  plants  is  normally  320*F  and  above.     The  pressure  is 
normally   120  psig  and  above.     All  HTW  systems  should  be  designed   for  a  minimum  of  100*F 
differential   between  supply  and  return  water  temperatures.     Normally,    the  temperature 
differential    is  120*F  to  150*F.     However,   some   systems  are  operating  successfully  with 
differentials  of  200*F  or  more.     USAF/PRE  must  approve  all  designs  for  HTW  systems  which 
operate  at   temperatures  above  400 •F. 

From  the  generator,   pumps  circulate  the  water   through  the  distribution   system.  The 
pumps  deliver   th.e  water  at  sufficient  head  pressure  to  overcome  pressure  drops  in  the 
distribution  circuit  and  heat-consuming  equipment.      In  some  cases,    the  head  pressure  is 
sufficient   to  provide  circulation  through  the  generator. 

The  most   important  operating  characteristics  of  the  HTW  heating  systems  are:  low 
make-up  requirements,   high  thermal  efficiency,    low  maintenance,    safety  of  operation,  and 
ease  of  operation  and  control. 

Low  Mak'*-Up  Requirements 

The  HTW  system  is  completely  closed;   the  only  water  wastage  is  the  normal  leakage 
from  pump  glands  and  valve  packing.     Therefore,   it  consumes  very   little  water  when 
operating.     This  means  minimum  make-up  water  requirements  and  practically  eliminates 
boiler  blowdown. 


INFORMATION 
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Thermal  Efficiency 

closed  recirculation 


The  Closed  recirculation  system  operates  at  a  high  thermal  efficloncv 
used  by  consumers  or  lost  through  pipe  radiation  Is  returned  to 
infrequent  boiler  blowdowns  are  required,  heat  loss  from  that 
the  thermal  "flywheel''  effect,   resulting  from  the 

and 


Al  I  heat  nT 
the  boiler  plant,  5Jlnco 
source   Is  minimal.  Also, 

.  .  ^       -    largo  hnat  stt^rnKo  <*ana<'lty  of  hlirh 

temperature  water  permits  the  system  to  accumulate  generated  heat  f       ^>  oi  ni^n 


nvowti  on  t  the 


heating  load  on  the  boiler.     The  sudden  chanKv^  in  firing  rates  which  produce  poor 
combustion  and  high  stack  gas  temperatures  are  therefore  eliminated  and 
efficiency  is  increased.     Table  1  compares  the  heat  storage 
for  various  pressures  and  temperatures.     At  50 


boi ler 

capacity  of  water  and  steam 

 >.  ^  -  PSlK  with  the  temperaturo  at  298*'F.  watf^r 

contains  90.4  times  the  amount  of  heat  that  steam  does  (15,360  divided  by  170  canals  ^ 


(5auec  Pressure 
Psi 


50 
60 
70 
80 
90 
100 
110 
120 
130 
140 
150 
160 
170 
180 
190 
200 
210 
220 
230 
240 
250 
260 
270 
280 
290 
300 


Temperature 


298 
308 
316 
324 
331 
3  38 
344 
350 
356 
361 
366 
371 
375 
360 
384 
389 
392 
396 
399 
403 
406 
409 
413 
416 
419 
422 


Total    Heat  Content 
BTU/cu  ft 


V/at  er 


15»360 
15f840 
16f 260 
16f 670 
17 f 000 
17i 320 
17f 600 
17f 870 
18f 170 
18 t  380 
18 t 610 
18f 830 
19t040 
19.220 
19 t 400 
19»570 
19i750 
19 1920 
20f 080 
20 1240 
20f  390 
20f 530 
20f 670 
20f 800 
20f 920 
21f 040 


St  earn 


170 
203 
229 
255 
281 
306 
332 
358 
384 
410 
4  34 
461 
486 
511 
537 
562 
588 
613 
639 
664 
690 
716 
741 
767 
792 
818 


Ratio: 
Water/Steam 


90 

78  , 
71  , 
65, 
60. 
56  , 
53. 
49, 
47  , 


44.8 
42  .9 


40.9 
39  .2 
37  .6 
36  .1 
34.8 
33,6 
32.5 


.4 

.5 
.6 
.7 


31, 
30. 
29  , 
28. 
27,9 
27.1 
26,4 
25.7 
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Table  1.     Heat  Storage  Comparison  of  HTW  and  Steam 


Maintenance 

Maintenance  required  is  minimal.     Since  the  same  water  is  recirculated,   the  system 
is  always  filled  with  noncorroslve,   treated  water  and  corrosion  and  scaling  do  not 
occur.     This  reduces  repair  and  iaaintenance  costs.     Costa  are  further  reduced  by  the 
fact  that  HTW  systems  have  no  traps  and  reducing  valves  to  maintain. 

Safety  Feature  of  HTW 

4     K"S!L^^*°*"*^!^.®?*®''  similar  conditions.     As  an  example.   If  a  1/2 

inch  HTW  pipe  containing  400-P  water  at  200  psig  were  to  rupture,   the  onrl  result  At  a 
distance  of  18  inches  from  the  break  would  be  water  at  approximately  t20-F,  and  at  a 
IJ^ll  pressure.     Water  at  400*F  Is  not  In  a  natural  state  at  atmospheric  prortsure.. 

Therefore,  water  from  a  HTIf  line  break  must  change  state  or  flash  to  steam.     THe  amounl 
of  heat  required  to  change  water  to  steam  is  greater  than  the  total  heat  content  of  a 
given  amount  of  HTW.     In  theory,  if  a  pound  of  400«F  water  is  exposed  to  the  atmosphere. 
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?:>  percent  at    lhat  pound  must  release   Its  total   heat  contnnt   to   flash   the   remaining  25 
p(?m*nt  of  a   pt)un(i   to  steam.     This  steam  is  aerated  and         ed  with   tlie  cooled  7r>  percent 
ol    a  poutul   oT  water  whicli  reduc<>s   the  steam  to  condensate  at  a  temperature  of  approxi- 
mately  120*K.     An  added  benefit  is  gained  by  the  water  exiting   the  break  as  a  vapor  or 
steam.     Tliis  vapor   forms  as   it  is  exiting  the  pipe.     Steam  occupies  a  greater  space  than 
water;   in   fact,    this  pound  cf  water  will  expand  265  times  when  released  to  the 
atmosphere.     Tliis  expansion  throttles  the  break  area,    limiting   the  amount  of  water  that 
can   pass   .  .irougli  the  opening.     A  steam  system,   on  a  comparison  basis,   expands  only  13 
times  and  DOl'.;S  NOT  CHANGK  STATE.      In  other  words,    the  full  velocity  and   temperature  of 
steam  is  altered  only  slin;htly  in  a  break.     Therefore,   HTW  is  safer  than  steam  in  the 
event  of    line  rupture • 


tiase  of  Operation  and  Control 

Anotlier  advantage  of   the  UTW  system  is  the  simplification  of  valves  and  fittings. 
There  are  no   traps,    drips  or  pressure-reducing  valves,   and  feedwater  treating  equipment 
is  small  and  simple.     Uniform  temperature  is  maintained  as  easily  during  normal 
operation  as  during  peak  loads. 


MFITHOD  OF  GENERATING  HTW 

Tliere  are   tliree  basic  methods  of  generating  HTW.      Tliese  are;     converted  steam 
boilors,   tascatle  lieaters   (direct  contact),    and  specially  designed  HTW  generators- 


Converted  Steam  toilers 

This  method   utilix.es  an  existing  steam  boiler  converted   to  HTW.      It  may  use  the 
oxlstiny;  stoam  drum  (water-tube  boilers)  as  an  expansion  drum  or  an  expansion  drum  may 
be  externally   mounted.     Fire-tube  or  water-tube  boilers  may  be  used;   however,  best 
results  are  normally  obtained  using  water-tube  boilers.     Figures  47,   48  and  49 
illustrate   tlie  various  conversion  of  steam  boilers  to  HTW. 


Figure  17.  Converted  Steam  Boiler, 
External  Expansion  Drum 
(Flooded  Boiler) 


Figure  48.     Converted  Steam  Boiler, 
Integral  Expansion  Drum 
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RNCOUNTERED   IN  CONVERTED  STEAM  BOILKllS.      Th..  prtmarv    nrohlomv.  t. 
consider  when  convertine  steam  hoi  lf>r«?  tn  htw  ^r.^-     w  i  ^  vo.      im    primHry    nrohi(>ms  t<) 

cooler  return  water  or  the  makeup  water  Is  IntrodJcc^   i  ntrtho  gon.  rator       '^'^ ^  '      '  ^ 

EFFICIENCY  OF  CONVERTED  STEAM  BOILERS.      Steam  bollors  convortoH    t.,  IITW  ^  ^ 
are  far   less  efficient  than  are  sneclallv  dP.?lanort  htw         convnrtt.d    to  MTW  RrMiorrxtors 

are  designed   for  natural   clrcJ^t^on'^J iLeloJf ?°?heJ\fvo"^:J^  ^'a^^^"t'^'"" 

?uh^f  °*  ^^^^^   transfer  as  do  ?ho  sLl  u'^;    fore  odlc  i  rt.n   t  ion^ 

tubes  of  specially  designed  HTW  units.     The  tubes  of  a  stoam  bo  lor  ar^  snlc  d 
relatively  wider  apart  and  the  combustion  chambers  contain   larR.'  amounts  of  r?.. v.. » 
lining.     Neither  of  these  conditions  are  encountered   in  sl^ctlflyTsLRnod  „^;\';2rts"^ 

Cascade  Heater 

steam  boiler.     The  pressure  of  the  steam  determines  the  temperature  "^  th/.  S™      4,?  l.„, 

apt-st;r?^ir?2S™.??r"°  "°     ™-  bo's-ppu,.,no"t;,e"^",c„,l:;  ™r' 


HTW  RETURN 
WATER  INLET 


PRESSURE 
RELIEF  VALVE 


PRESSURE 
RELICF  VALVE 


LEVELTROL^  EMERGENCY 
I         \     HIGH  LEVEL 


BLOWOFF 
CONNECTION 


TO  DRAIN 


BLOWOFF 
CONNECTION 
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Figure  50.     Cascade  Heate 
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LOW  LEVEL 
SWITCH 


LEVELTROL 


WATER  INLET 


CGG055 


F'  i  K  u  r  o  5 1  - 


Cascade  Heater,  End-Viow 


Spocially  Dosignod  HTW  Generators 

Mit^h  t<»mp{>ra  tur(^  watc^r  generators  are  of   two  main   types:      forced  circulation  and 
natural  circulation. 

FOUCKI^-CIilCIJIATION  GKNKRATORS.      Porc<xi-c  ircul  ation  generators  discharge  high 
tc*mpi*rH turc^  hot   wat(^r.  at  «pc^ciried  8atur?>clon  temperature  and   pressure,    to  a 
prossurizcd   expansion  drum  that  feeds  the  system  circulating  pumps.      Positive  circula- 
tion of  boil(^r   water  Is  assured  by  a  centrifugal  pump  which  circulates  the   water  at  high 
vf>loclty   through  all   tubular  circuits,    regardless  of   the  firing   rate.     A  separate  boiler 
I)ump  or   the  systcMH  circulating  pump  may  be  used.      Figure  55  illustrates  one   type  of  a 
fi^rcc^d -c  i  rcu  1  a  t  i  on  HTW  Ronorator  . 

Forctxi   circulation  provides  a  higher  overall   heat  transfer  per  unit  surface  area. 
Thorofore,    in  general,    forced  circulation  boilers  have  smaller  overall   heating  surfaces 
than  natural   circulation  boilers  of   the  same  rating. 

Tho    following   are  forced    flow  generators  specially  designed    for  HTW  use: 

CONTINUOUS   UPWAIID   FLOW  GKNKRATORS-      This  generator  has  its  inlet   located   on  the 
bottom  rear  of  the  unit   (figure  52).     The   water  enters  the  tube  circuits  and  progresses 
in  u  continuous;  upward  movement  to   the  generator  outlet, 


CI  NlHATUft 
INI  FT 


Figure  52.     Continuous  Upward  Flow  Circuit 
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COUNTERFLOW  KCONOMIZER  Gi^  NllRATORS .      Those    unlt:s   rt^ccMvc    t.Ju?    return   HTW   thron^?h  tlu 
top  rear  of   tho   generator  and   clrculut.o   it.  down    throurJi  an  (M^^^nom  i  v^.c^  r .      Tho  (uu)nomiv.o 
absorbs   boat   from  tho  hot    riuc^   Ka.sos  which   would  oth(M-wist^         wiist^^d    (,>    tho  -itmosDhr'.. 
Figure  53   ill\istrates  tho    Clow  path   of   this    typo,   of  ^^oncM-ator 


BURNER 
OPENING 


Figure  53.      Counterflow  Economizer  HTW  Generator 

UPWARD  FLOW  ECONOMIZER.      This  generator   is  similar  to   the  countorflow  economizers 
except  the  return   water  enters  at  the  top   front  of  the   unit  and    passes  upward  through 
(the   furnace  roof   circuit).      Figure  54  shows   the   flow  path  of   this  R(»nerator.      Flow  i. 
from  A  through  F,    in  alphabetical  order.      C  is   the  convection   tube   hank   circuit  and  K 
the   furnace  and  open  pass  circuit. 


TD  KXPANSION  PUIIM 


Figure  54.      Upwardflow  Economizer 
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NATUUAL  ClUCUl.ATION  G1£N lJUATOHS .      In   natural   circulation   ooilers,    the  buoyancy 
producod  whun  water  ubsorbs  heat  starts  and  maintains  the  circulation.     The  circulation, 
tht?ro  IDru .   varices  with   the  rate  of   firing  or   the   local   rate  of  heat   transfer.  To 
prevcMit   r(*strlct  lou  oi   circulation,    these   generators  usually  contain   larger   tubes  than 
do    ft^rcod  circulation  boilers.      In  this  generator,   downcomevs   (where  water  circulates  in 
a  K<Mi<?ral   downward  direction)   should  be  heated   less  intensely   than  the  risers  (where 
wat'.T  clrculattjs   lii  a  general   downward  direction)   should  be  heated   less  intensely  than 
the  risers   '[where  water  circulates  in  an  upward  direction);   otherwise,    circulation  may 
be  affecteU.    Because  of   these   features,    natural   circulation  boilers  are   larger  than 
forced  circulation  units.     When  natural   circulation  boilers  are  used  with  high 
temperature  wator  systems,   do  not   let   the  forced  circulation   in   the  external  circuit 
intorfiiro  with   tUv  natural   circulation   inside   the  generator. 


There  are   twt)  basic  methods  of  pressurizing  a  IITW  system:      (1)    the  saturated  steam 
cushion  mctliud,    and   (2)    inert  gas  pressur  iza  tion  •     Pressur  izat  ion   is  necessary   to  keep 
the  IITW   In  a    liquid  stnte-     This   is  accomplished   through  use  of  an  expansion  drum.  The 
expansion  drums   used    In   low  and  medium  temperature  water  are  similar  to   those  used  in 
UTW,    in  as  much  as   they  both  allow  for   expansion.     However,    after  this  point,    they  are 
quite  different,    both   in  size  and   function.     The  different   types  and  sizes  of  expansion 
drums  will   bo  discussed  under   each  method  of   pressui izat ion . 

Steam  Cushioned   Pressurized  System  (Figure  55) 

Steam  pressure  at   the  saturated  water   temperature  is  used  directly   to  impose  a 
pressure  cushion    in  an  expansion  drum.      Steam  is  flashed   to  maintain  a  constant  pressure 
within   the  drum. 

To  permit    irt^e  vapor   release,    the  expansion  drum  is   located  above   the  generator, 
with  sufficient   height   to   furnish  a  reasonable  net  positive   suction  head   for   the  circu- 
la  t  i  n\x  pump. 

The  drum  is  lU'iierally  si^'.ed  to  handle  changes  in  water  volume  resulting  from  normal 
load  ohanges--not  from  th(>  cold  condition,  as  this  extreme  occurs  only  when  starting  up 
tro  1  d  • 

As  a   rule,    the  highest   permissible  water   level   for  horizontal   drums   is  75  to  78 
percent  of   the   tank  diameter.     The  minimum  drum  water  level   should  be  at   least  three  to 
five   feet  above   the  boiler  header. 

Two  or,  at  the  most,  three  expansion  drums  may  be  installed  in  series,  if  equalizing 
steam  and  water  lines  are  used  to  adjust  the  water  level  and  pressure  difference  between 
the  tanks,  ^a^ty  ntutf  valvc 


METHODS   OF  PRESSURIZATION 


GE:NeRATOR  DiSCHARGC 
LINE  (expansion 
DRUM  FCCD  LINt) 


TO  PUMP  SUCTION 


Figure  55.  Saturated 


CGE  026 

Steam  Cushion  Expansion  Drum 
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In  operation,   the  drum  Is  filled  approximately  half  full  of  water  and  the  generator 

i^^i^n  *  "^^^  ''^^''^         opened  on  the  top  of   the  drum  and  a 

portion  of  the  hot  water  flashes  to  steam.     Once  a  steam  cushion  Is  established,  the 
vent  valve  is  shut  off.     The  HTW  flowing  from  the  generator  into  the  expansion  driom 
expands  and  pushes  against  the  steam  cushion.     The  steam  cushion  In  turn  pushes  back 
against  the  water,   pressurising  the  system.     The  pressure  In  the  expansion  drum  is  equal 
to  the  saturation  temperature  of  the  water.     Referring  to  table  2,    If   the  ponerator  Is 
operating  at  380*F,   then  the  expansion  drum  pressure  will   be  195.77  psia.  This 
pressure-temperature  relationship  will  always  remain  constant.      If   tHo  K<«ner:itor  on  tout 
temperature  drops  to  370-F,    then  the  water  level   In  th.,  expansion  drum  will   ci.M-.r<.aso  u,..| 
the  resultant  steam  pressure  will  be  173.37  psla.     Air  Is  not  usod  as  a  means  of  pros- 
surlzatlon  because  oxygen  is  corrosive  to  drum  surfaces.     The  HTW  leaves  the;  Konurat  )r  » 
and  ilows  through  the  expansion  drum;   therefore,    the  drum  is  always  hot  and  should  he 
Insulated  accordingly- 


Temp  F 

PSIA 

300 

67 .013 

320 

89  .66 

340 

118 . 01 

350 

134.6  3 

360 

153.04 

380 

195.77 

400 

247 . 31 

420 

308.83 

440 

381.59 

460 

466.9 

480 

566.1 

500 

680.8 

520 

812.4 

540 

962.5 

560 

1133.1 

580 

1325.8 

600 

1542.9 

620 

1786.6 

640 

2059.7 

660 

2365.4 

680 

2708.1 

700 

3093.7 

705.4 

3206.2 

Table  2*     Saturation  Temperature 


Inert  Gas  Pressurlzatlon 

The  Inert  gas  system  normally  uses  nitrogen  as  the  pressurizing  gas.     The  expansion 
drum  is  connected  to  the  suction  side  of  the  HTW  pump  by  means  of  a  balance  line.  The 
pressurizing  gas  is  fed  into  the  top  of  the  expansion  dram.     The  relief  valve  is  located 
below  the  minimum  water  level  for  two  reasons:     (I)  to  provide  a  liquid  seal  (water) 
against  the  seat  rather  than  exposing  it  to  the  inert  gas;    (2)  in  the  event  of  excessive 
pressure  the  lifting  of  the  safety  valve  would  drain  the  gas  cushion.     The  expansion 
drum  is  normally  installed  vertically  to  reduce  the  area  of  contact  between  the  inert 
gas  and  water.     Unlike  the  saturated  steam  cushion,   the  inert  gas  expansion  drum  may  be^^ 
located  wherever  it  is  most  suitable  in  the  central  plant.     These  systems  are  normally 
pressurized  to  a  minimum  of  40  psig  above  the  saturation  pressure.     The  pressure 
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HmltlnK    faotor  Is  baacvi   on   thv:  rating   of  the   fittings,    valves,    piping  and  equipment. 
Tlu»   iiK^rt   Kas  expansion  drum  pressure  must  be  of  RUfficlont  magnitude*  to  prevent  stoam 
rormitii':    In   th(;  IITW  K<- nnrato  r  ( s)   under  all  conditions.      This  is  critical    since  gas- 
press  ur  I  zc?cl  syst(?ms  do  not  have  steam  separating  capabilities  or  safety  valves  to 
civacMiatc?  the  stoam  generated. 


FIXlil)  QU/VNTITY  GAS  CUSHION.     The  fixed  quantity   inert  gas  cushion   Is  the  simplest 
typ<»  c^r  1,.$.-^  pressur Izat Ion   system-     The  pressure  within  the  gas  space  varies  with 
changes   in  tho  water  level    in  the  expansion  drum.     As  the  normal   system  water 


temperature?  Incroases,  the  expansion 
Kas,  raising  the?  system  pressure.  A 
the*  normal  systc?m  wiiter  temperature, 
point  above  saturjitlon  to  a  maximum, 
iisiMi   i  n   tht*  system. 


of  the  system  water  into  the  drum  compresses  the 
reversal   of  this  operation  takes  place  on  a  drop  in 

The  pressure  is  permitttxi   to  vary   from  a  minimum 
which  is  determined   by  the  ratings  of   the  materials 


VAIUABLK  OAS  QUANTITY  CUSHION.  This 
i  nc*rt  ^;as  is  rc;l  i  oved  from  the  expansion 
recovered;  in  a  low-pressure  gas  receive 
into  a  h igh-pr cjssur e  receiver  for  storag 
drum,  tht^  control  cycle  adds  inert  gas  e 
ri?coiver,  to  the  expansion  drum  to  malnt 
system  is  more  costly  to  operate,  but  le 
system  is  more  complicated  and  higher  in 
system  is  more  applicable  to  large  centr 
can  h'.?  .lust  i  Tied    in  nitrogen  gas  savings 


is  another  method  of  gas  pressuri zat ion  -  The 
drum  on  a  rise  in  water  and   is  either  wasted  or 
r.      A  gas  compressor  pumps  the  low-pressure  gas 
e.     When  the  water  level  drops  in  the  expansion 
Ither  from  bottles  or  from  the  high-pressure 
aln  the  required  pressure.     The  gas  wastage 
ss  expensive  to  install.     The  gas  recovery 
initial   cost.     Normal  ly  ,  the  gas  recovery 
al   plants,    where  the  higher  installation  costs 


(IAS  INLET  CONTROL 
VALVE 


MINIMUM  GAS 
SPACE 


EXPANSION 
SPACE 


FROM  rEED 
PUMP 


LPA 


HAND  VALVE 
PO      J^^^  CHARGING 


HP  RECEIVER 


CHARGING 
BOTTLE(S) 


EXPANSION 


COMPRESSOR 


a  PRESSURE  / 
CYLINDER      ^LP  RECEIVEF 


SUCTION  SIDE  OF  MAIN  CIRCULATING  PUMPS 


RV«  SAFETY  VALVE 
PG=  PRESSURE  GAUGE 
PC=  PRESSURE  CONTROLLER 
LPA«  LOW-PRESSURE  ALARM 


H/LPA  =  HIGH  AND  LOW  PRESSURE  ALAHM 
WLC"  WATER  LEVEL  CONTROL 


CGE-022 


Figure  5C.      Variable  Gas  Quantity  Cushion 
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PUMP  PRESSURIZATION.      Pump  pressur iza tlon  In   Its  simplest   form  consists  of  a  makeuiw 
tank  and   forcing  it  into  the  system.     The  pressure  regulating  valve  continuously  bloodJIft 
water  from  the  system  back  to  the  makeup  tank,   and   the  cycle  is  repeated.      This  mothod^^ 
is  normally  restricted  to  small   process  heating  systems,   but   it  may  bo  used  for 
temporary  pressuriza tion  of  a   larger  system  to  avoid   shutdown  during   inspection  of  tho 
expansion  drum.     In   larger  HTW  plants,   pump  pressuri tion   is  generally  combint^d  with  u 
fixed  quantity  gas  compression  tank,   which  acts  as  a  buffer.     When  the'  pressure  rises  ' 
above  a  preset  valve  in  the  buffer  tank,   a  control   valve  opens  to  relievo  water    from  the 
balance  line  into  the  makeup  storage   tank.     When  the  pressure   falls  below  a  preset 
second  valve,    the  feed  pump  is  started  automatically  to  pump  water   from  tho  makeup  tank 
back  into   the  system.     The  buffer   tank  is  designed   to  absorb  only   the   limited  expansion 
volume  which  is  required   for   the   proper  functioning  of   the   pressure  control   system.      1 t 
is  usually  relatively  small.     The  makeup  storage   tank   Is  usually  closi^d  and   pressur  iy;ed 
with  one   to  five  pounds  of   nitrogen,    to  prevent  oxygen  entry    into   tho  IITW  system  Tlio 
gas  pressurization  in  this   low-pressure  system  is  normally   the  variable   r.as  <iuantity 
with   venting   to  the  atmosphere   (wasted  gas).  '  ^ 


PUMPING  systems" 


Pumping  systems  are  used   in  HTW  to  circulate  the  water   through  the  L^enerator  and 
distribution  system  and   to  maintain   the  system  pressure  above   thG  saturation   point.  The 
pumps  used  are  electric-motor  driven,   single-stage,    centrifugal-force  pumps.      The  pumps 
may  be  either  constant  or  variable  speed,   and  end-suction,    top-suction  or  split-casing. 

Some  installations  use   large  pumps   for  winter  operation  (high  flow  rates)  and 
considerably  smaller  pumps  for  the  reduced   flow  requirements  of  summer  heating  loads. 
Many  designers,   engineers  and  operators  prefer  variable  speed  zone  and  system  pumps, 
variable-speed  pumps  are  popular  because  they  can  be  adjusted   and  operated   at  the 
current  system  flow  requirement.     This  factor  reduces   the  amount  of  horsepower  used  by 
the  pump,    as  compared   to  a  constant-speed  pump,   which  operates  at  maximum  output  at  all 
times.     The  speed  of  variable-speed  pumps  may  be  adjusted   through  t!ie  use  of  trmsmis- 
sion,   coupling  or  regulating   the  amperes  going  through   the  drive  motor.      Figure  57 
Illustrates  a  constant-speed  pump  and  figure  56  illustrates  a  variable  spewed  pump 


VARIABLE  SrZtD  TdANSMISStON 


Figuro  58.     Variable-Speed  Pump 


All   HTW  circulating  pumps  use  oil   (not   grease)    for   lubrication,    and  rtg  equipped 
with  wa  t(-r-cc><^l  (-d   casings  and   oil    pumps.     These  pumps  may  use  either  open-  or  closed- 
fac*^   imp()l  lor.s,    figure  59;   however,   closed-face   impellers  with   woari  ng   rings  are 
normally  us(?d    for  HTW.     The  wat(*r   from   the  cooling   connections   is  piped   to   the   face  of 
tho  mochanlcnl    s(>al    to    flush   off  any  abrasives   which  may  be  encountered,   or  directly 
Into   tho  packinK   of   pump53  equipped  with  packing   and   stuffing   boxes.      This  holps  to  cool 
the   packing  and   reduce   war  of  the  pump  shaft.      In  most  cases,    the  coolin'::  water  is 
drawn    from   t\u-  base   cold  water  supply  and   after  cooling   the  pump,    it   xs  piped   to  drain. 
Some   Lnstal latlons  provide  refrigerated  or  cooling   tower  means  of  cooling  the  water  and 
recover  and   recyclr^   th(^   used   water.     The  initial    and   operating   costs  of   such  a  system 
should  bo  closely  examined  before  such  a   system  is  installed. 


CLOSED  FACE  OPEN  FACE 


CGD-028 

Figure  59.      Impel lers 

Combi  luxl    Pumping  System 

T!iis  sy.stom  uses  one  pump  to  circulate  water  through  the  distribution  system  and  the 
p:onora  tor  ( s)  .      W>u?n   used  on  a  saturated  steam  cushion   system  the   circulating  pump  is 
lnstal lod  dlroetly  below  the  expansion  drum  on  the  HTW  supply,   to   provide  the  necessary 
static  liead  required.     Most   systems  are  designed  with  sufficient  head  to  keep  the  water 
from   flashing;   however,    should   flashing   occur,   provisions  are  available  to  blend  return 
watc-r  with  tUn  supply   water  to  cool  the    latter  below  the  saturation   point.     The  circu- 
lating  pump  discharge   Is  sufficient  to   raise   the  system  pressure  above  the  saturation 
point  and  mjiintaln  such  pressure  throughout  the  entire  distribution   system.      When  the 
combi  n(Xl   pumping   system  is  used  on  the  inert  gas  system,   it  is  normally   installed   in  the 
^   system  return   line   immediately  after  the  expansion  vessel.     Gas-pressurized  systems 
■   rarely  Incur   flashing   in  the  circulating   pump  because  of  the  lower  return  water 
temperature  and  the  high  artificial  head  created  by  the  expansion  vessel. 
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Separate  Pumping  System 


This  system  uses  a  pump  to  circulate  water  throuRh  (jfich  gonorator  anci   one*  or  morf* 
pumps  to  circulate  waicr  through  the  distribution  system,    figure  61,      Tho  goncM'ator  \nmo 
is  normally  plumbed   to  facilitate  cross^util  izat ion  of  tho  pumps  botwo<Mi  tho 
The  system  or  zone  pumps  are  installed  directly  below  tho  expansion  drum  on 
saturated  steam  cushion  pressurized   system  and  directly  below  tho  gonorator 
header  on  each  inert  gas  pressurized  system 


^ojiora  CO  rs . 
th(? 

ci  i  scharj^r 


MIXING  VALVf 


Figure  60.     Separate  Pumping  System,    Inert  Gas  Cushion 

Filling  and  Emergency  Pump 

When  the  makeup  feedwater  pump  is  not   large  enough,   a  cold-water   filllni;  pump  with  a 
capacity  ranging   from  100     to  200  gpm  is  used   to   fill   the  sytom.     Those  pumps  ar(-  also 
used  in  case  of   line  break  or  other  emergency.     This  pump  delivers  water    from  either  tho 
raw  water  supply  or  the  treated  water  makeup  tank   to  the  expansion  tank,   return  hoador 
and   generator*     When  the  pump  is  used  as  a  standby   for  tho  makeup  pump  or  for 
emergencies,    its  suction  is  also  connected   to  the   feedwater  heater. 

Makeup  Feed  Pumps 

These  pumps  are  normally  electrically  driven  plunger  (reciprocating)   typo  pumps. 
The  suction  is  connected   to  the  feedwater  heater  and  the  discharge   is  piped  either  to 
the  expansion  tank  or  the  return  header,  depending  on  tho  design  of    tho  system.  Tho 
capacity  of  these  pumps  is  normally  determined  by  the  time  required   to   fill  tho 
expansion  tank  from  the  lowest  to  the  highest  design  operating  lovols. 
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INSTRUMENTS   AND  CONTROLS 


c:oiu!<Mi t r:i  trd   i?florts  have  boon  made   to  keep  IITW  systems  and   controls  as  simple  as 
possible*  and  .still   obtain   the  desired  results.     To  a   large  degree,    this  has  been 
acciompl ishod ;   however,   many  of   the  components  are  peculiar  only   to  HTW ,   while  others 
apply    to  both  «toam  and  hot  water  boilers  in  general. 

Mixing  Coi.  .oction 

This  <;onn(M:  t ion ,    "A"  in   figure  61,    prevents  flashing   in   the  circulating  pump  by 
oDoljng   the  water   from  the  expansion  drum.     This  is  accomplished  by  piping  relatively 
cooler  system  r<»turn  water   into  the  supply  water,    immediately   before  the  circulating 
pump  sue  t I on . 


Bypass  Connection 

This  connection  is  used  in  all  HTW  combined  pumping  systems.      It  is  actuated  by  a 
preset  minimum  amount  of  water  passing  through  the  generator,   which  is  detected  by  a 
minAmum   flow  control  or  a  pressure  differential  control.     The  low  flow  through  the 
gc^norator   Is  dcjteeted,    the  bypass  connection  opens  and  de-routes  a  portion  of  the  HTW 
supply    from   the?  i!lrculatlng  pump  discharge   into  the  generator  inlet, 

Di  r  fL'rrn  t  i  a  I    Prt-ssure  Control 

KiivAx   HTW  bo^vli^r  should  have  either  a  differential   pressure  or  a  minimum  flow  control 
or  out  off    firing;  when    the  pressure  difference  between  boiler   inlet  and  boiler  outlet 
falls  below  a  preset  minimum.      If  a  pump  fails,    this  control  will   prevent  the  boiler 
from  burning  out  because  of   Insufficient  circulation.     The  control   should  be  connected 
to  measure  the  difference  in  pressure  between  the  suction  and  discharge  headers  of  the 
boi ler , 

Minimum  Flow  Control 

This  control   provides  the  same  type  of  protection  as  the  differential  pressure 
control   described  above;  however,    it   is  motivated  by  a  preset  minimum  flow  through  the 
boiler  rather   than  by  a  low  pressure  difference  across  the  boiler.      It  is  generally 
connected   to  a   flow  meter  in  the   boiler   feedwater   inlet  line, 

Th.ermocouple  Control    (Thermoelectric  Pyrometer)    (Figure  62) 

All   HTW  generators  should  be  equipped  with   thermocouple  controls  designed  to  secure 
the*  j-enerator   In   the  event  of  excessive  temperatures.     Two  or  three   (depending  on 
t;cMierator   tube  circuit  design)   thermocouple   leads  are  installed  on  the  two  or  three  most 
critical    tubos   in  the  generator,      (Th-  criticality  of  a  generator  tube  is  determined  by 
t\n}  amount  of   radiant  heat  applied   to  it,)     The  cold  junction  of  the   thermocouple  is 


GENERATORS 


Figure  Gl.      Multiple  Generator  HTW  Combined  Pumping  System 
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attached  to  a  mil  livoltme  tor  and   control   switch.     This  control   opcratt.vs  on   th(^  amount 
millivolts  generated  by  the  thermocouples.     The  moro  hoat  applied   to  a  thnrrTK:)Oouplo 
more  millivolts  it  will  generate.     When  the  mil  livoltme  tor  moasurlnp;   ntM^dlo     "A"  in* 
figure  112  reaches  the  S'^^t  needle,    ''B"   in   figure  62.    it   will    trip  the  .sar<^ty  switch 
which  will   secure  the  fires  immediately.      Any  one  of   the  the rmocou pi os  can   trip  tho 
saXoty  switch,    wtiich  is  normally  set  by  approximately   15*F  above  tlu-  M:<^n(-rator  «i»t 
operating  temperature. 
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Figure  62.     Thermocouple  Control 


Expansion  Drum  Water  Level  Control 


Usually  HTW  systems  have  high  and   low  level   controls    to   stop   firing   (Hiuipment  wIumi 
tho  water  in  tho  expansion  drum  roaches  abnormal    predetermined    levois.      In  any  ease  the 
circulating   pumps  continue  in  operation. 


Flame  Failure  Control 


This  control   operates  in  the  same  manner  as  that  described    for  steam  boiler 
operations.      It  usually  consists  of   safety   shut-off  valves  to  supervise   pilot  and  flame. 

Air-Flow  Switch 

Package  KTW  boilers  usually  have  programming  control   which  includes  an  air- flow 
switch  to  Insu  e  shutdown  and  proper  purge  of   the  unit  in  event  of    fan  failure. 

High-Limit  Pressure  Control 

This  control  shuts  down  the  unit  when  a  preset  high   pressure  is  reae.hed . 


BTU-Metor 

The  instruments  and  meters  used   in  HTW  installations  are  similar  to  those  described 
for  steam  plant  operation.     There  is,   however,  one  special   type  of  meter  which  is 
generally  used   in  installations  of  more  than  20  million  BTU  per  hour  output.     It  is  the 
BTU-meter  which  is  usually  to  integrate  the  heat  flow  in  tho  system.     One  component  of 
the  meter  measures  the  instantaneous  temperature  difference  between  the  flow  and  return 
lines,   usually  recording  the  temperatures  simultaneously,   while  another  component 
measures  the  instantaneous  temperature  difference  between  the   flow  and   return  lines, 
usually  recording  the  temperatures  simultaneously,   while  another  component  measures  the 
instantaneous  rate  of  flow  in  the  return  line  with  an  orifice  or  vcnturi  meter.  The 
BTU-meter  obtains  and  integrates  instantaneous  products  of  the  temperature  difference 
and  flow.     The  multiplication  and  integratidn  show  the  heat  energy  delivered  to  the 
system  or  removed  by  the  heat  consumer  across  ^ich  the  meter  is   ;onnected;   the  flow 
meter  component  simultaneously  records  the  xlow*      ^  ^|  Q 
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DISTtUBUTION  SYSTfclMS 


In  general,   the  methods  described   for  steam  distribution  are  used   to  distribute  HTW . 

However,   the   following  specific  considerations  apply  to  HTW  systems  aboveground. 
System  piping;  must  be  protected  agt  Inst  snow  and  rain  with  metal  or  tar  paper  coverings. 

UndoPfc^i-ound  system  piping  may  be   located   from  3  to  6  feet  below  the  ground  level. 
Some  onglneers  oppose  using   the   lines  for  snow  melting  and  recommend   that  they  be 
located  below  the  frost   line.      It  has  been  found,   however,    that   lines   located  only  three 
feet  underground  do  not   freeze,   even  when  out  of  operation  for  many  hours. 

Val ves 

All  globe  and  gate  valves  used  for  HTW  service,   except  at  high-pressure  installa- 
tions,   should  be  made  of  cast  steel   in  the  300-psi  class.     Valves   larger  than  two  inches 
ar.^  usually  of   the  outside  screw  and  yoke  type  with  bolted  bonnets.     (Smaller  valves  may 
be  equipped  with  screwed  bonnets.)     The  stuffing  boxes  should  be   large  and  deep.  Valves 
that  ar(»  smaller   than  two  inches  should  have  at   least  four  or  five  rings  of  U-  or 
V-jjliaped  packing;    larger  valves  should  have  at   least  six  rings.      Inlet  and  outlet  valves 
of   HTW  generators  akid  expansion  drums — and  usually  any  valve   larger  than  eight   inches — 
should   have  a  bypass  valve. 


KXPANSTON  OF   STElilL  OR  WROUGHT   IKON   PIPE  WITH  TEMPERATURE 
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Figure  63 


Expansion  Loops,    Expansion  Joints,   and  Anchors 

Piping  (expands  when  the  temperature  increases;  consequently,    the  ASA  establishes  the 

units  t)!'  expansion   for  steel   or  wrought   iron  pipe,  which  are  given  in  f injure  63.  From 

figure  G4 ,   we  soe   that  a  100-foot  steel  or  wrought  iron  pipe  expands  3  inches  when  the 
t\?mperature  changes  from  0*K   to  400 •F. 

Expansion   loops  or  expansion  joints  provide  for  thermal  expansion.     Expansion  loops, 
consisting  of  U-bends,   are  usually   located  midway  between  two  anchor  points.  Corrugated 
expansion  joints  are  sometimes  used  to  save  space.     When  they  are  used,   they  ordinarily 
have  guides  to   insure  that   they  are  aligned  properly.     Backing-up  rings   limit  the  travel 
of  each  corrugation.     Expansion  Joints  should  be  accessible  so  that  their  alignment  can 
be   checked  at   regular  intervals. 

Anchors  are  installed  in  combination  with  expansion   loops  and  expansion  joints  to 
control  and  guide  the  expansion  piping  systems.     The  anchors  must  be  strong  enough  to 
support  the  full   unbalance  pressure  of  the  water  and  extension  strains,    as  well   as  the 
weight  of   the  watei — filled   line.      If  an  anchor  is  loose  the  expansion  or  contraction  of 
the  pipe  can  cause  failure  of    che  expansion  joint  or  cause  the  flanged  or  welded 
fittini;s  used   in  the  HTW  system  to  become  damaged. 

Pipe  and  Installation 

Pipe,  fittings  and  insulation  are  much  the  same  for  HTW  systems  as  they  are  low- 
temperature  hot-water  systems,  except  that  more  strength  is  required  in  the  pipe  and 
fittings,   and  greater  thickness   is  needed   in  the  insulation. 
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Piping 


Steel  or  wrought   iron  pipe  of  Schedule  40  or  standard    thicknoss   is   normi'lly  usi'd  .  i 
Usually,   welded  connections  and  seamless  pipe  are  used   to  prcvont   l(»akinK,   but    f hinjjos  ^ 
are  required   for  valves   larger  than  six   inches.     Wlicn   i^)l|>in^5   is  cU»sliuH»d  and  InstalUni, 
allowance  must  be  made   for  the  thermal  expansion   tlmt  occurs  wh(»n   IIk^  sysL(»m  j^oos  Irom 
cold  to  maximum  operating  temperature.     The  piping  should  hi;  adcMiuatoly   supported  and 
should  have  vented  high  points,   drainable   low  points,   and  connectiv>ns  wluMM?vc?r   r(H|  ii  i  rod , 


Insulation 


All  heating  plant  supply  and  return   lines  should  be   insulated  witli  a  double  thick- 
ness of  insulation  suitable  for  the  temperature.     Flanges,   valves  and  pumps  should  also  * 
be  insulated  to  prevent  heat   loss  and  possible   injury   to  operating  per.sonnel. 


Maintenance 


The  maintenance  of  a  HTW  system  pump  consists  primarily  of  cleaning,    aliKnint;  and 
lubricating.      If  the  pump  has  water— cooled  gearings,    it  muKt  have   the   proper  amount  of 
water  available  for  cooling.      If  major  repairs  are  required,    follow   tht»  s top-by-s t<^p 
procedures  provided  by  the  pump  manufacturer. 


Thermometers  and  Pressure  Gauges 


Thermometers  (preferably  dial   type)   or  the  thermometer  wells  should   be   installed  in 
the  flow  and  return  pipes,   the  pump  suction  and  discharge   lines,   and  at  any  other  point 
of  major  temperature  change  or  where  temperature   is  important   In  operating.:   tlio  system. 
Pressure  gauges  should  be  installed  in  the  pump  discharge  and  suction   lines  at  locations 
where  tue  pressure  readings  assist   in  efficient  operati;^n  and  maintenance.      It  is 
desirable  to  have  both  thermometers  and  gauges  installed  in  the  piping  at    tlie  tni  trance 
to  each  building,   at  each  hot-water  converter,   or  at  each  steam  converter.     Any  one  of 
these  setups  allows  the  operator  to  quickly  determine  the  temperatures  and   pressures  in 
the  system,   and  to  adjust  the  equipment  accordingly. 


Critical  Features 


Critical   features  Awhile  the  distribution  system  is  being  warmed  up.     Observe  tfio 
following  points:     the  action  of  expansion  joints  or  loops,    the  action  oi  supports, 
anchors,   hangers,   etc,    free  expansion  of  heaters  and  piping  in  the  ex  pt^cted  directions. 
If  restraint  is  noted,   shut  down  the  system  and  correct. 

Forced  circulation  HTW  generators  consist  only  of   tubes  and  headers,   and   they  have 
no  pressure  vessels  such  as  a  steam  or  "mud"  drum.     The  tubes  (convectors)   in  tlie 
convection  section  of  the  furnace  portion  of  the  generator  are   the  wc»akest   link   in  the 
system's  circuits.     The  thin  gauge  metal  of  the  tubes  collapses   from  overheating  when 
liquid  contact  is  lost  on  the  interior  of  the  tubes  for  as  short  a  time  as  two  minutes. 
It  is,    therefore,   not  possible  to  develop  high  steam  pressures  within   the  system  because 
the  tube  failure  occurs  in  such  a  short  time.     The  release  of  water  and  the  consecjuent 
drop  in  pressure  to  atmospheric  pressure  upon  the  collapse         a  generator   tube  presents 
the  formation  of  an  explosive  condition. 


CONVERTERS  (Heat  Consumers) 

There  is  currently  a  wide  variety  of  heat  consumeis  available  for  HTW  and  experience 
is  aiding  the  development  of  many  more.     HTW  was  originally  regarded  as  a  potentially 
dangerous  heating  medium.     As  such,    it  was  seldom  installed  in  occuoied  areas  (offices, 
dormitories,   etc)*     Another  factor  which  limited  the  direct  application  of  HTW  was  its 
high  heat  storage  capacity,   causing  a  high  degree  of  temperature  override.     The  term 
converter  covers  a  wide  range  of  heat  consumers.      In  general,   HTW  is  converted   to  steam, 
domestic  hot  water ,    hot  water  heating ,   and  warm  air .     The  HTW  flows   tU  rough  a  tiib(i 
arrangement  and  the  medium  to  be  heated  passes  over,   around  and  in  between  the  tubes. 
At  no  time  does  the  HTW  and  the  medium  to  be  heated  come  into  direct  contact  with  one 
another • 
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Ai  r  III* a  1 1       Co  i  1  h 

Air  hi»atlng   colls  aro  oftc^n  referred   to  as  warrn  air  exchangers  and  are  Installed  in 
a  riuct  or  plenum  chamber  along  with  a   fan  or  blower.     Air   filters  are  normally  installed 
b(»t.wiM»n  th(»  bl<>w<?r  and   tbo  return  air   from  the  building  being  heated   or  use  a  percentage 
(u|i   lo  loo  p<»r(^(»nt)  or    frc^Rh   (outsido)   air.      When    frosh  air    is  used,    procautlonK  must  be 
taken   lo   tuMvcnl.   Iroiv/.tng   dT    the  <:i>ll    during   winter  operations.      This  can  ha 
aciTompM  iniiiul   tti  one  of   the   following  manners:      (1)     installation  of  a   freezestat  which 
clos(»s  the  i>utsiQe  air  damper  or  shuts  off  the   fan;   or  (2)  setting   the  IITW  control  valve 
to  a  minimum  closed  position.      In  most  systems,   the  blower  operates  continuously  and  the 
UTW  circulating   through   the  coils  is  regulated  by  a  temperature  control  valve  or  a 
motorized  valve.     The  sensing  bulb  of  the  temperature  control   valve  is  installed   in  the 
heating  duct  on  the  downstroam  side  of   the  heating  coil .     The  motorized  valve  is 
actuated  by  a  romote  bulb  thermostat.     The  sensing  bulb  of  the  thermostat  is  installed 
in   the  samo  location  as  the  temperature  control  valve  sensing  bulb.     The  heating  coils 
may  be  constructed  of  red  brass,    provided  the  HTW  is  maintained  below  400'F.  For 
ti;mpe  ra  turos  of    tOO'F  and   above,   cupronickel   or  steel    should  be  used.     Figure  64 
illustrates  a   typical  HTW  air  heating  coil.     The  HTW  is  circulated  around   the  coils. 
The  control  valve    is  mounted   on  the  HTW  return  side  of   the  coil    to  permit  the  valve  to 
control  a  relatively  cooler   liquid   than  the  HTW  supply.      (Most  HTW  systems  are  designed 
for  a  150**F  temperature  drop  between  the  HTW  supply  and   return.)     Temperature  and 
pressure  gauges  are  installed  on  both  the  supply  and   return  sides  of  the  HTW  coil  to 
determine  ttie   load  drawn  by  the  heat  consumer.     Air  heating   coils  are  normally  installed 
In  specially  designed  mechanical   or  utility  rooms. 
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Figure  64.     Air  Heating  Coil 

Spaci:^  Heating  Flquipmt^nt 

Convoctor«  and   radiant  panel   surfaces  can  be  used   for  HTW  use,   however,   the  Air 
Korct*  normally  uses  HTW  unit  heaters  to  heat  industrial   areas  (supply  warehouses, 
hatiKJirs.   shops,   etc.).     The  same  material  specifications  pertain   to  unit  heaters  as 
appli«Hl   to  thi^  air  heating  colls  described  on  the  previous  page.     Unit  heaters  normally 
ha\'<»  the  HTW  circulating  through  them  continuously  and  the  blower  or  fan  is  operated  by 
<Mther  an  vnit.door  thomostat  or  a  room   thermostat  located   in  the  occupied  zone.  Freeze- 
stats  should  be  i  nstal   ed  to  secure  fans  or  blowers  when  the  HTW  falls  below  a  preset 
safi*   ti^mpe  ratur  c;  to  keep  the  coil    from  freezing.     The  most  commonly  used  unit  heater  for 
HTW  systems  is  the  circular,   vertical  discharge  type. 
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OPERATION  OF   HTW  SYSTEMS 

The  operation  of  any  HTW  system  depends  upon  qualified  personnel .  However,  guide-^ 
lines  are  always  provided  to  insure  that  all  personnel  inspect  and  op(?rato  equipment  in 
the  same  manner. 

Preoperational  Inspection 

Before  starting  up  a  generator,   inspect    .he  installation  carefully  and  make  certain 
the  following  requirements  are  satisfied. 

1.  All   installation,   repair,    and  cleanup  work  completed.  * 

2.  All  air  and   flue  gas  ducts  and  passages  are  tight  and   free   from  obstructions,  and 
air  and  flue  gas  control  dampers  in  good  operating  conditions. 

3.  Check  all  piping  for  leaks. 

4.  Inspect  water  column  blowdown   lines  and  gauge  glasses  for  proper  installation  and 
connection  on  converted  steam  generators.     Gauge  glasses  should  be  clearly   visible  from 
the  operating  floor  and   lamps,    if  provided,    ready  for  operation.     The  drain  valve«  on 
the  water  column  must  be  closed  and   the  valves  between  the  column  and  generator  locked 
open . 

5.  Check  all  auxiliary  equipment  such  as  fuel-burning,   draft,   ash  disposal,  feedwater 
and  combustion  control   systems  for  proper  installation  and  operational   readiness.  Make 
certain  safety  valve  gauge  has  been  removed  and  valves  properly  set  and  workable. 

6.  Make  sure  all  generator  manhole  and  handhole  covers  have  been  reinstalled.  Check  to 
make  certain  no  one  is  inside,    then  see  that  access  and  observation  doors  are  closed. 

7.  Make  certain  a  hydrostatic   test  of   the  generator  has  been  completed   and  approved  by 
an  authorized  person. 

NOTE:     These  preparations  must  be  made  before  the  inspector  arrives  on   the  base. 

a.  Provide  a  hand  pump  for  the  hydrostatic  pressure  test   if   the   feed  pump  will  not 
deliver  one  and  one-half  times  the  pressure  at  which  any  safety  valve  is  set. 

b.  Make  sure  that  Fire  Surfaces  are  reasonably  clean.     Use  a  tube  brush  to  remove 
soot  from  the  tubes,  ana  a  wire  brush  to  remove  soot  from  the  tube  sheets  and  firebox. 
If  the  installation  burns  coal,   remove  the  grate  bars  and  clean  the  firebox  plates  along 
the  grate  line  until  the  bare  metal   iF  exposed.     Take  care  not  to  damage  metal  with 
sharp  tools. 

c.  Provide  gags  to  prevent  safety  valves  from  lifting  when  hydrostatic  pressure  is 
applied.     If  hydrostv^tic  pressure  tests  on  more  than  one  generator  are  contemplated, 
provide  sufficient  gags  for  all   safety  valves  of  the  boilers  to  be  tested. 

d.  Permit  generators  taken  off   line  for  inspection  purposes  (including  firebox  and 
settings)   to  cool  before  ttiey  are  drained.      Immediately  after  draining,  wash  them 
thoroughly  on  the  inside  to  prevent  sludge  deposits  on  internal   surfaces,   and  remove  ail 
suspended   solids,   sediment,   and  loose  scale. 

e.  Fill  generators  scheduled  for  hydrostatic  pressure  test  with  water  at  a 
temperature  between  70*  and  lOO'F;  apply  a  preliminary  pressure  of  15  to  20  pounds  less 
than  working  pressure,   to  insure  that  all   test  equipment   is  in  proper  working  condition. 

If  the  generator  to  be  tested  is  on  a  common  header  with  a  second  and  the  latter 
is  to  be  kept  in  operation  througtiout  the  test,   equip  the  pipe  between  the   two  with  two 
valves  and  a  drain  or  a  blind  joint. 

g.  Have  available  a  supply  of  gaskets  for  manholes  and  handholes,   and  suitable 
wrenches  for  removing  manhole  and  handhole  covers. 

h.  Replace  damaged  and  improper  fusible  plugs. 
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i .      11    insulation  conceals  manufacturer's   inscribed  data»    remove  the   lagging  and 
cloan   the  surfiicc?  careful  ly  so  that  die-cut   letters  and  figures  can  be  read  easily. 

J.      Assign  H  <|ualified  plant  operator  to  assist   the  inspector  throughout  the  tests. 

k .      If  CO n t ro 1 s  a re  not  designed  for  a  pressure  equal   to  the  pressure  of  the 
p r t ) p c) s * ; d 1 1  *'sTs', ~ >TMn<>v<»  them  and  plug  the  openings,    unless  cutoff  valves  are  p resent. 

8.  The  IITW  i^onerators  and   systems  are  boiled  out   to  remove  grease,   oil,    dirt,  and 
protective  coating  from  generator  heating  surfaces.     This   is  generally   used   to  clean 
newly  erected   generators,    and   systems  or  units  which  have  been  extensively   repaired  or 
retubed.      If  extensive  repairs  have  been  made  on  refractory  setting  or  furnace,  a 
drying-out  will  also  be  required   to  prevent  damage  to  the  brickwork. 

9.  Readiness  of   nitrogen   supply  and  equipment,    if   the  system  is  pressurized  with  inert 


Starting  and  Operating  HTW  Systems 

Operation  of  the  HTW   system  includes  starting  up  the  system,   adding   additional  units 
when  required,    initial   filling  of   the  system,    rotating   the  pump  in  service  and  shutting 
down   the  system.     Some  guidelines  are  provided  below. 

Start  inji;  up  the  Steam-Cushioned  Combined  Pumping  System 

When  the  system  is  cold  and  not  under  pressure,    proceed  as  follows: 

1.  Sec   that  proper  water   level   is  carried   in   the  expansion  drum. 

2.  Open  inlet  and  outlet  valves  in  the  HTW  generator  expansion  drum  and  system. 

3.  Open  inlet  valve  to  circulating  water  pump.  Start  the  pump  and  then  slowly  open  the 
discharge  valve. 

4-     Check  water  flow  through   unit   and  vent  air  from  headers  and  high  points  in  the 
sys  tern . 

5.     Make   final   check  of    limit  and  safety   controls  and   start   the  unit. 

G-      liight  ol  f   the  generator  as  follows: 

a.      Sliut   the  dampers  of   the  induced  fan;    close  flue  gas  control   sampling  lines. 
Start    induccHl  draft  fan. 

Shut   the  dampers  of   the   forced  draft   fan  or  other  air  control  dampers,  then 
start  the  forced   draft  fan. 

c.  If  a  regenerative  air  preheater  is  Installed,    start  the  rotor. 

d.  Purge   the  setting  of  all   combustible  gas  by  circulating  air   for  at   least  5 
minutes  ;it  the  rate  of  about  one-fourth  of  the  requirements  for  maximum  capacity  of  the 
unit. 

o.      Light  off   the  generator  and  keep  a  firing  rate  sufficient   to  raise   the  generator 
watt*r   from  rt>om   temperature   to  the  boiling  point   (112*F)   in  about  90  minutes.      If  the 
unit   is   filled  with  hot  water,    tlie  time  can  be  reduced,   but  it  should  not  be   less  than 
•li>  minutes.     Kreni   this  point  on.    Increase  t)ie  temperature  of  the  water  at   the  rate  of 
100**F  per  hour.      In  new  boiler   installations,    check  to  see   if  expansion  has  caused  any 
binding  or    i  n  te  r  I'ercnce  . 

f.  Insure   that  combustion  is  complete,    for  Incomplete  combustion  may  occur  with  a 
cold  generator  and   can  be  dangerous. 

g.  Slowly   heat  up  system  water  and  generator  refractory.     Control  manually  until 
operating  pressure  is  reached,    then  switch  to  automatic  If  desired. 


h.     If  expansion  caused  by  h  o  ting  up  the  system  raises  the  water  level   In  the 
expansion  drum  to  near  the  highest  permissible  water  level,  blow  down  tho  boiler  as 
required. 

Placing  Additional  Units  in  Service;   Combined  Pumping  System  in  Operation 

When  a  cold  generator  is  to  be  placed  in  service  wl ta  other  units  already  in 
operation*  proceed  as  follows: 

1.  Gradually  open  the  bypass  valve  on  the  HTW  generator  Inlet  valve.     When  pressure  on 
the  unit  equals  the  system  pressure,   open  the  inlet  valve.  * 

2.  Gradually  open  the  bypass  valve  on  the  HTW  generator  outlet  valve.     Allow   tho  cold 
water  in  the  unit  to  be  circulated  to  the  expansion  tank. 

3.  When  the  temperature  of  the  water  entering  the  generator  equals  ttie  temperature  of 
the  water  leaving  the  generator ,   open  the  generator  outlet  valve  and  establish  full 

ci  rculation. 

4.  Light  off  the  generator  as  instructed  above  and  maintain  a  low  fire  until  refractory 
is  fully  heated. 

5.  Set  controls  on  automatic  for  normal  operation. 


Starting  Up  a  Steam^Cushioned  Separate  Pumping  System 

When  a  separate  pumping  station  is  heated,   the  water  flowing  through   the  system 
should  not  exceed  the  water   flowing  through  the  generator.     All  water   returned   from  the 
system  should  be  circulated  through  the  expansion  drum.     When  the  system  water 
temperature  reaches  200*P,   the  water  should  be  circulated  only  through  the  boiler,  not 
through  the  system.     This  procedure  raises  the  pressure  in  the  expansion  drum  to  the 
normal  operation  conditions,   with  a  minimum  firing  rate.     When  operation   pressure  Is 
reached,  start  circulating  the  water,   through  the  system  at  25  percent  of  the  normal 
rate.     As  the  return  water  temperature  drops,   increase  the  firing  rate  to  maintain 
pressure  in  the  expansion  drum.     Continue  this  procedure,   increasing  flow  rate  through 
the  system  as  the  return  temperature  continues  to  rise,   until  normal  operating 
conditions  are  obtained.     At  this  time  the  generator  control  system  should  be  switched 
from  manual  to  automatic.     Throughout  the  operation,   vent  air  from  headers  and  high 
points  in  the  system. 

Procedures  for  Starting  Circulating  Pumps 

NOTE:     Always  start  circulating  cooling  water  through  pump  cooler  before  starting  up  the 
circulating  pump. 

1.  Starting  pump. 

a.  Open  pump  suction  valve. 

b.  Start  pump  motor. 

c.  Slowly  open  discharge  valve. 

2.  Stopping  pump. 

a.  Close  pump  discharge  valve. 

b.  Stop  pump  motor. 

NOTE:     Continue  to  circulate  cooling  water  for  about  30  minutes  (if  system  Is 

pressurized).  ^ 

c.  When  pump  body        cold,  close  valve  pn  suction  side  (if  system  is  pressurly:ed) 
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Placing  Additional  Units   in  Service;   Separate  Pumping  System  in  Operation 


This  oporatlon  requires  some  care  since  the  requirements  of  the  system  have  to  be 
satisfied  at  the  same  time  as  those  of  the  generator  and  they  are  conflicting  in  certain 
respoi:  ts . 

1.  Cut   in  adUlLiorml   units  when  generators  in  use  are  operating  at  75  percent  of 
rapacity.      Do  not  wait   until    thvy  are  operating  at  full  capacity. 

2.  The  standby   unit  should  be  kept  hot  by  a  slight  circulation  through  it.     The  bypass 
of   the  inlet  valve  serves  this  purpose.     Proceed  as  follows: 

Open  the  drum  inlet  valve  and  generator  shutoff  valves  of  the  particular  unit. 

Keep  glove  valves  on  generator  inlet  closed.  Open  bypass  just  sufficient  to  establish  a 
slight  circulation . 

3.  When  the  standby  unit   is  to  be  placed   in  service  proceed  as  follows: 

a.  Start  generator  circulating  pump  as  previously  described.     Open  globe  valves  on 
generator   inlet  and  adjust   flow  rate   through  boiler  to  about  475  gpm. 

b.  Light  off  and  maintain  firing  rate  at  about  20  percent  of   full  capacity  for 
about  30  minutes,    then  bring  up  firing   rate  gradually  until   generator  outlet  temperature 
matches  that  on  other  units.     Put  unit  on  automatic  combustion  control  and  slowly  open 
tlio  generator   inlet  valve  until   flow  rate  through  all  units  is  equal. 


StHMirlng  of  Cuinerator  While  One  or  More  Units  Remain  in  Service 

As  soon  as   fire  is  secured,    reduce   flow  through  generator  to  not  more  than  200  gpm 
ami  maintain  until   water  temperature  at  outlet  and  inlet  are  practically  the  same. 

1-  Secure  the  generator  circulating  pump. 

2-  If  generator  is  to  be  used  as  standby,  rcaintain  temperature  by  slightly  opening  the 
bypass  valve.      If  unit  is  to  be  kept  out  of  service  for  extended  period,    it  should  be 
cooled  down.     Close  the  expansion  drum  inlet  valve  on  the  generator  outlet,   close  inlet 
on  manifold,    but   leave  inlet  bypass  valve  open  so  that  the  unit   remains  under  pressure. 

3.  The  circulation  is  now  interrupted  so  that  the  unit  can  cool  down.  Upon  cooling 
down,  the  volume  of  the  water  will  shrink  and  be  replaced  by  water  entering  from  the 
system. 

4.  While  out  of  service,   the  unit  should  preferably  be  maintained  under  pressure  or  if 
this   is  not  desirable  then  the  irlct  bypass  valve  may  be  closed   and   the  unit  isolated 
only  when  it  is  tjuite  cold.     Under  no  circumstances  will  the  vent  valve  be  opened. 


Shutting  Down  the  Heating  System 

Tlie  final   thing  to  consider  when  discussing  system  operation  is  removing  the  system 
from  operation.     To  do  this,   proceed  as  follows: 

1-     Fill   the  expansion  drum  to  high  water   level  mark. 

2.     Maintain  circulation  in  the  heating  system  until  the  water  contained  in  the 
disLriets  lias  cooled  down.     Then  proceed  as  follows: 

a.  Fully  open  mixing  valves  and  close  return  valves.     Water   in  the  districts  will 
ru)W  circulate;  without   heat  being  added   to  it. 

b.  Secure*   fire  on  generators  but  maintain  circulation   for  about  one  hour.  Then 
stop   the  generator  circulating  pumps. 

c.  Close  inlet  valves  on  the  generator  manifold,   but  open  bypass  valves.  Leave 
other  valves  open. 
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'd.     When  water  In  the  districts  has  cooled   dowu  below  200  dcgroos.    r.ncnro  district^ 
circulating  pumps.     Close  motorized  valves,   crack  open  bypass  on  rc^turn  valvr^s  and  ko^^^ 
districts  under  pressure  from  t^ho  expansion  drum.      If   th<?  wator   lov(»l    In   th<?  i-x pahs iti 
drum  drops  below  the  low  water  iftark.    start  makeup  pumps  and  brini^  up  wator  lovcH. 

e.     When  pressure  in  the  expansion  drum  drops  bolow  100  r>.siR,   clost*   tlu-  hvpiss 
valves  and   isolate  districts  canplotely. 


BOILER  INSPECTIONS 

Before  boilers  are  inspected,   clean  fireside,    waterside,    insure  refractory  and  ^ 
presswe  part  repairs  have  been  completed. 

Inspections  Standards 

Qualified  boiler  inspectors  will   inspect  boilers,   accessories,   and   pipinp  to 
determine  the  condition  of  the  boilers  and  safety  devices  and    to  dotormino  that  boilers 
and  safety  devices  are  suitable  for  safe  operation.     Inspections  will  conform  to  the 
procedures  set   forth  in  the  latest  edition  of  the  National  Board   Inspection  Codo  pub- 
lished by  the  National   Board  of  Boiler  and  Pressure?  Vessel    Inspc^ctors.    Columbus  Ohio 
(Cost  $1.00). 

NOTE:     When  the  Unite  States  has  sole  jurisdiction  over   leas<?d   facilltios,  those 

instructions  superseiJe  'any  exTst^fng  state  or  municipal  codes  povorninR  boiler 
Tur n a c e  Tn s p e c t'io n T   "  *  .  .  ..  .. 

What  Equipment  Will  be  Inspected 

MANDATORY  INSPECTION.     Steam  boilers  operating  above   15  psi  and  high  temperature  hot 
water  heating  boilers  operating  above  160  psig  will  be  inspected   as  prescribcxJ   by  this 
section.      Inspection  of  high  temperature  hot  water  boilers  (not  domestic  wat(?r  heaters) 
includes  inspection  of   the  expansion  drum  as  well  as  the  water  tubus,   headers,    furnace  ' 
and  safety  devices. 

Obtaining  Inspection  Service 

1.  The  Defense  Supply  Agency.   Defense  Contract  Services  District,   administers  con- 
tracts each  year  for  the  service  of  a  qualified  company   tr   provide  boiler 
inspections  at  all  Air  Force  bases  within  the  Continental   United  States  (excluding 
Alaska  and  Hawaii).     For  many  years,    the  Hartford  Steam  Boiler  Inspection  and 
Insurance  Company,   Hartford,   Connecticut,   has  provided  this  service. 

2.  Special   inspections  (outside  the  scope  of  the  contract  required  by  those 
instructions  are  considered   necessary  by  major  commands  or  base  civil  engineers) 
may  be  arranged  through  the  Defense  Supply  Agency,   defense  contract  Administration 
Services  District,   Cincinnati,  Ohio. 

3.  If  the  company  under  contract  to  furnish  boiler  inspection  service  cannot  make  a 
special  or  emergency  inspection,   the  base  civil  engineer  may  hire  a  recoRnizod 
insuTP.nce  company  or  a  boiler  inspection  agency  that  specializes  in  such  work. 
(An  installation  employee  may  not  make  such  special  inspections.) 

4.  The  contract  will   provide  the   following  five  types  of  inspections  when  they  are 
included   in  the  annual   schedule  submitted  by  the  major  command. 

a.  Type   ''A*' — Internal   and  external  inspection. 

b.  Type   ••B" — Internal   and  external    inspection,   followed  or  preceded  by  external 
inspection  while  boiler  is  under  hydrostatic  test. 

c.  Type  '•C*' — External  inspection  while  under  steam  pressure  or  filled  with  water. 
(Boiler  will  be  under  pressure  for  this  inspection.) 

d.  Type  ''D'' — External   inspection  while  under  hydrostatic  test. 

e.  Type  "E" — Internal   and  external    inspection  of  expansion  tanks  used  with  high 
temperature  water  boilers.  ^  ^ 
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r>.     Ov<»  r.s«'i*..s  and  oth<»r  of  f^-continont  commands  are  autho  rl  zort   to  employ  qualified  and 

competent  boiler  inspectors  to  perform  the  inspections.     Th<?so  inspectors  will  not 
b<>  Rupt-jrvlsod  by  personnel    at  base   level.     They   will   prepare  AF  Form  1222,  "Boiler 
Tnspoctlt>n  R<?port,**  on  each  boiler  inspected  and  submit   it  to  the  Director  of  Civil 
lUijxl  niM?r  I HK  of  the  appropriate  major  command.      Detail  (>d   comments  on  these  reports 
will   be  made  by  an  attached  memorandum. 

The  boiler  inspector  will  make  the  types  of  inspections  requested  in  the  annual 
schedule  submitted  by  the  major  command   to  the  Defense  Supply  Agency,   Defense  Contract 
Administration  Services  District,   Cincinnati.      If  an  inspector  determines  that  an 
additional    inspection   is  necessary,   the  base  civil    engineer  will  authorize  him  to 
perform  it  before  he   leaves  the  base.     However,   such   additional   inspection   will  not 
constitute  authority  to  delete  subsequent  scheduled   inspections.     The  following 
inspections  are  required  as  a  minimum* 

1 .  Steam  boilers  assembled  on  the  site  require  a  type  "B"  inspection  before  they  are 
placed   in  initial  operation. 

2.  Stoam  boilers  assembled   at  place  of  manufacture  and  stamped  with  approval   of  a 
(lualifiod  inspection  agency  (such  as  the  Hartford  Steam  Boiler  Inspection  and 
tnsuranc(j  Company):     A  type   **B"   inspection,  after  manufacture  and  before  being 
placed   In   Initial  operation. 

3.  All   Steam  Boilers:      Twice  annually  a  type  *'A"   inspection   first  and   approximately  six 
months  I  a  tor  ,  a   ty  pe   **C*'   i  nspoct  ion  . 

4.  Steam  boilers   in  questionable  condition,  used   boilers  reinstalled,  boilers  which 
have  had  major  repairs,    recommended  by  the  boiler  inspector  or  required  by  the  base 
civil    onginoer:     a  tyix?   **B**   inspection  before  being  placed   in  service. 

5.  New  HTW   (High  Temperature  Water)  boiler  installation:     a  type   "B"   inspection  before 
operat  ion . 

G.     Other  HTW  boilers:     a   type  "A"   inspection  annually. 

7.      Expansion  tanks:     a  type  "E"   inspection  annually. 

Boilers  out  of  operation   indefinitely  need  not  be  inspected  by  inspection  agency. 
However,   they  should  be  inspected   annually  by  base  civil   engineer  personnel   to  evaluate 
visible  deterioration  and   renew  protection  against  corrosion,    if  necessary.     Also,  a 
boiler  that  has  missed   an  inspection  period  must  be  given  the  appropriate  inspection 
before  it   is   placed   in  operation  again. 

The  hydrostatic  pressure  used  during  a  type  "B"  or  type  "D"   inspection  will  be  one 
and  one-half   times  the  pressure  setting  of  the  safety  valves.      If  safety  valve  setting 
has  been  lowered.   It  will   not  be  raised  without  approval  of  the  boiler  inspector. 
nf)iler  insfx^ctors  will   insure  that  the  boiler,   accessories,    and  adjacent  piping  are  in 
condition  to  b(>  operated  at   pressure  up  to  the  safety  valve  setting. 

Before*  leaving  the  base,  the  inspector  will  orally  report  any  serious  defects  to  the 
basf>  civil  engineer  (or  his  representative).  Boilers  found  to  be  in  dangerous  condition 
will    not  bo  opc^rated  until  repaired. 

A  hydrostatic  test  is  a  water  pressure  test  to  prove  the  strength  and  tightness  of  a 
boi  1  or . 

After  repairs  are  made,  a  hydrostatic  test  is  performed  on  the  boiler  to  check  for 
leaks  around  rolled  and  beaded  areas.  Should  any  leaks  be  found,  reroll  tube  or  tubes 
that  are   leaking  making  sure  not   to  overroll. 
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NOTE:     Hydrostatic  pressures  are  1   1/2  tlmos  tho  safety  valvo  sotting;.  Hydrostatic 
test  required,    1  every  3  yoars  . 


The  boiler  Is  the  principal  and  most  costly  unit  in  a  central   boilor  plant  Prr^- 
ventlve  maintenance  oi   the  unit  represent  the  difference  between  a  normal    u«oful    l i fo  of 
fifty  years  or  a  short   life  with  much  tlmo  lost  for  repair  and   possible   iniurv  to 
operating  personnel  .  ^  ".i"ry  lu 

All  boilers  have  general    characteristics  and   nond   similar  cnro,     Gom^rn}    rar<*  of  thc^ 
boilers  follows  two  rules:      stop   leaks  and  keep  the  boilor  cloan.     Ono  of  tht»  boilor 
Inspections  required   to  determine  its  condition  Is  tho  hydrostatic  prossurc^  tost  This 
study  guide  will  provide  you   pertinent  Information  regarding  this  tost  undor  tho 
following  main  topics: 

NOTE:     The  preparations  must  be  made  before  the  boiler  inspector  arrives  on  tho 

oase .  1% 

1.  Provide  a  hand  pump  for  the  hydrostatic  pressure  tost  If  tho  boi  loi    fc^od  pump  will 
not  deliver  one  and  one-half  times  the  pressure  at  which  any  safety  valv(^   is  S(^  t . 

2.  Make  sure  that  Fire  Surfaces  of  Boilers  are  reasonably  cloaa.     Use  a  tub(>  bnish  to 
remove  soot   form  tubes,   and  a  wire  brush  to  remove  soot   from  thc^  tube  sho()ts  and 
firebox.     If  the  Installation  burns  coal,   remove  the  grate  bars  and  cloan  tho 
firebox  plates  along  the  grate   line  until   the  bare  motal   is  exposed.     Take  caro  not 
to  damage  metal  with  sharp  tools. 

3.  Provide  gags  to  r       pressure  relief  valves   from   lifting  when  hydrostatic 
pressure  is  appl  if  hydrostatic  pressure  tests  on  more  than  one  boilor  arf^ 
contemplated,   pre   .ce  sufficient  gags  for  all   safety  valves  of   tho  boilers  to  bo 
tested- 

4.  Permit  boilers  taken  off   line  for  Inspection  purposes  (including   firebox  and 
settings)   to  cool  before  they  are  drained.     Immediately  after  draining,   wash  thom. 
thoroughly  on  the  Inside   to  prevent  sludge  deposits  on  Internal   surfaces     and  rol 
move  all  suspended  solids,   sediment,  an>'   loose  scale. 

5.  Fill  boilers  scheduled  for  hvjrosta.tlc  pressure  test  with  water  at  a  tomperaturo 
between  70*  and  lOO^'F;  apply  a  preliminary  pressure  of  15  to  20  pounds  loss  than 
working  pressure,   to  Insure  that  all  test  equipment  is  in  proper  working  condition. 

^'     If  the  boiler  to  be  tested  Ijs  on^a  common  header  with  a  second  boilor  and  tho 

latter  Is  to  b^  kept  In  opera'tlbn  throughout  the  "test  / 'eqiiip  "tho  stc^am  pipc^  br^tw(^en 
the  two  boiler^  with  two  valves  and  a  drain  or  a  blind  .joint. 

7.  Have  available  a  supply  of  gaskets  f or_jnanJ[ioles  and  handholes,   and  sui  tab 
wrenches  for  removing  manhole  "anli  handhofe  cover's- ' 

8.  Replace  damaged  and  ^inpropor  fusible  plugs. 

9.  If  Insulation  conceals  manufacturer's  Inscribed  data,   remove  the  laRgin^^  and  clean 
the  surface  carefuly  so   that  die-cut  letters  and  Tigures  can  be  read  easily. 

10,     Assign  a  qualified  boiler  plant  operator  to  assist  the  Inspector  through  tho  tost. 

11-     If  boiler  gauges  and  controls  are  not  designed  fQr_a  pressurj^  enual   to  the  pressure 
of  the  proposed  tests,   remove  them  and  plug  the  opening,   unless  "cut6fT'"vaWos  Vro 
present • 


lo 


LOGS 

The  operator  prepares  dally  log  forms  locally  and  uses  them  for  HTW  contral  boating 
plants  and  systems.     He  will  also  assure  that  Information  from  the  daily  forms  is  postfxi 
to  AF  Form  1165,  Monthly  High  Temperature  Water  Plant  Operating  Log.  and  AF  Form  1103,  ^ 
Monthly  High  Temperature  Water  Distribution  System  Operating  Log.  m 

These  logs  are        jarod  and  distributed  In  tho  same  manner  as  tho  Monthly  Stc^am 
Boiler  Plant  Operat        Log,   which  were  discussed  earlier. 
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You   havt*  .stuiltiri  sptjcitic    r«ct«  about   th(»  basic  design  of  HTW  j^enorators.      You  have 
It'.irrH'ti  liow  st(?am  bi>iJt»rs  c.oulci  h<?  connected  anci  tho  typos  of  specially  designed 
i;<  ntra  !c»rs.      You  liuvc  btMjn  Kiv<»n   tlie  range  of   thv  HTW  systems  as  320**   and  above. 
*ni(«n;ial   e!  f  itrlenoy   is  liigliei'  because  the  heat  storage  capacity  of  water  is  300  times  the 
araount  ol   heat  per  volume  t)f  air  and  30  times  greater  than  comparable  steam  systems. 
How  systems  are  t-.lassified  as   to  type  of  pressur izat ion ,   pumping  system,  and  generators 
or  ii  combiiwition  of  thos(!. 

The  optiratiori  procedures  and  the  monthly  high   teniperature  water  plant  operating  log 
ha.s  been  <?xplained.     The  most   important  item  to  remember  is  safety  in  the  operation  of 
tho  system.     Kemember  you  must  maintain  circulation,   while  bringing  the  temperature  up 
slowly,    to  avoid  damage  to  personnel  and  equipment. 


!•      What  are  the  three  types  of  special  designed  generators? 


2.      What  art*  the  problems  when  converting  steam  boilers? 


:{.      hi  what   Lype  of  system  does  the  water  and  steam  come  in  direct  contact? 


4.      What   is   thc!  spe>cial   type  of  meter  used   in  HTW  plants? 


J).      What  ai*r   thc  inc^ttiods  of    system  pressur iza t ion? 


0.      What  are   two   types  of  pumping  rystems? 


7.      What  are  the  types  of  heat-consuming  equipment  used  in  an  JiTV?"  system? 


8.      How  many  expansion  drums  can  be  used  on  a  system? 


i).      What   ty  ptr  of    inert  gas   Is  usiiid   for  pr  essur  iza  t  ion? 


M).      Water  wil!    hit   raised    from  room  temperature   to  212°F  in  Jiow  many  minutes? 
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Theory  of  Operation  and  Construction  of 
Steam  Heating  Systems 


OBJECTIVES 

Given  information,    identify  principles  concerning  theory  of  operation  and 
construction  features  of  steam  heating  systems  with  70%  accuracy. 

Given  information,    identify  the  procedures  for  removing  and  installing  boilc^rs  with 
70%  accuracy  ^ 

Given  information,    identify  basic   facts  about  components  of  feedwater  system  with 
70%  accuracy. 

Given  information,   determine  procedures  for  installation,   operation  and  maintenance 
of  reciprocating  pumps  by  answering  four  out  of  five  questions  correctly. 

Given  information,   determine  step-by-step  procedures  for  operating  and  servicing 
pressure/temperature  recording  equipment  with  70%  accuracy. 

Given  information,   operate  and  service  draft  indicating  and  regulating  equipment 
with  instructor  assistance. 


Given  Information,   perform  service  of   flow  meters  and  recorders  with  instructor 
assistance . 


Given  inf v^rmation ,    troubleshoot  boiler  flame  control  system  with  instructor 


NOTE:     Complete  the  following  statements..     Use  the  study  guide  as  a  reference. 

1.  The  two  main  types  of  boilers  are 

a.     

b.  

2.  Boiler  steam  drums  provide  four  functions.     Name  them. 


assi  stance . 


PROCEDURES 


EXERCISE  1 


Construction  Features 


a . 


b. 


c . 


d. 


Water-tube  boilers  may  be  classified  as 
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8t:r:i  jKht-tubf?  bollnrs  cun  bo   classified  as 


5.     Walls  or  parti  tloris  usod   to  dl  root  gasos  of  combustion  are  called 


G.     Furnace?  onclof^ures  (setting)   may  be  of   four  types.     Name  them, 
a . 


c . 
d. 


7.     Name   the  pressure  parts  of  a  boiler. 


8.     Flat  boiler  surfaces  are  held  in   place  by 
Name   five  types:   


9.     V/hat  are  steam  baffles  used  for? 


10.     List  the  size  of  boiler  tubes 


11.     list   tue  size  of  boiler  flu 


es . 


12.     List  the   typos  of  fire-tube  boilers- 

a .  

b.  

c  . 
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13.      How  aro  boiler   tubos   Installed   In   both    firo-tubo  and  wator-tab(^  boiUTS? 


L4.      Explain  what   the  ASME  Is  and  why  the  Air   Force  needs   to   follow  the  ASME  code. 


EXERCISE  2 
Installing  a  Bo  Her 

NOTE:  Complete  the  following  statement.  Use  the  study  f^uide  a.s  a  reforeno(>. 
Explain   the  procedt*res   for   installing  a  boiler. 
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Identity    the   parts  with    Mu^   proper  number. 


.in. 


Figure   1-      Boiler  Components 


Safety  Valve 

Try-Cocks 

Manhole 

Fo€?d water  Line  Gate  Valve 

Water  Column  Slowdown 
Valve 

Gaut^e 

Nonreturn  Valve 
Blown  Down  Valves 


Steam  Stop  Valve 

Feedwater  Line  Globe 
Va  1  ve 

Pressure  Gauge  Test 
Connection 

Feedwater  Line  Check 
Va  1  ve 

Gauge  Glass 

Water  Column 
Isolation  Val ves 
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L:XKHCI  6iL  4 

TIIHOUY  AWD  CONSTRUCTION  OF  .UPXJ I  PUOC  AT  1  NC.  PUMPS 
NOTl'l:      Usi'  StiHiy   Guide  as  roforonco. 
1.        What   is  a    rt»o  i  j)iocu  t  i  pump? 


2.        What  is  a   reciprocating   pump  used  for? 


3.       What   is   the   lost   motion   used  for? 


4.       List   the  major  components  of  a  reciprocating  pump 


5.        Explain   "lost  motion' 
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«TI:AM  TlJIUHNh'CS 
NOTl:;:      Unc  otiidy  (iuido  as  r(?fercnce. 
I.        Wliat   is  a  turbiiio? 


'i.  liisL  five  main  conu^ononts  of  a  steam  turbine, 
a. 
b. 
c . 
d. 
e. 

3.  How  are  steam   turbines  classified? 
a . 

b. 
c . 
d. 
e. 

4.  Low  pressure  turbines  operate  at  pressures  of 


5.  Medium  pressure  turbines  operate  at  pressures  of 

6.  Hii;h   pressure   turbines  operate  at   pressures  of 


7.  A  gas  turbine  converts  the  chemical   energy  of  a  fuel   into  mechanical  energy 
through 

8.  Hot   pases  enter  the  turbine  at  about    to   temperature  Fahrenheit 

9.  Hot   gases  exhaust    from  the   turbine  at  about    temperature  Fahrenheit. 

10.  What      ;  the  main  difference  between  steam  and  gas  turbines? 

11.  What  (Joes   '  .le  cylinder  contain? 

12.  V/hat  does   the   rotor  contain? 
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EXERCISE  G 

INSTALLATION,    MAINTENANCE  AND  OPERATION  OK   RECIPROCATING  1>UMP 
NOTli):      IJso  Study  Guide  as  reference. 

How  many   times  per  cycle  does  a  single-acting   reciprocating   pump  di schartu?  water? 


How  often  are  reciprocating  pumps  cleaned  and  repaired? 


How   is  the  output   of  a  reciprocating  pump  controlled? 


Where  do  you  find  the  guidelines  for  installing  the   -reciprocating  pump? 


What   safety   precaution   should   be   followed  when  working  witli   reciprocating  pumps? 


KXKKCISK  7 

OlM'UiATlNG   ANU  SLiUVICING  PRKSSURE/Tl^MPKRATURE   UECOKDING  liQUIPMICNT 

NOTh;:      Use  Study  Guide  as  reference. 
The  purpose  of   pressure  control    is  what? 

Two   types  oT   pressure  controls  are? 

What   is   the  purpose  of   the   air   flow  switch? 

What  is  the  purpose  of   burner   interlock  controls? 

The  firing   rate  control   assures  what? 

The  primary   element  used   in  pressure/ tempera ture  recording  equipment  is? 
Draft  gauges  can  be  of   two   types,    name  them. 

Indicating-type  pressure  gauges  are  graduated   to   read   never   less  than  what? 

'What   type  pressure  control   has  no  differential  setting? 

The  two  methods    tor  calibrating   indicating  type  pressure  gauges  are? 


EXEUCISK  8 

i 

OPEUATli:   AND  SERVICE  DRAFT    INDICATING   AND  REGULATING  EQUIPMENT* 

PKOCEDUKES 

CAUTION:      Remove  all  jewelry. 

1.  Ch**ck   IDr  clean  ^^lass. 

2.  Check   for  proper  lighting. 

3.  Check   for  proper  mounting. 

4.  Check  for  proper  operation. 


EXERCISE  9 
SERVICE  OF   FLOW   METERS   AND  RECORDERS 

PROCEDURES 

CAUTION:      Remove  all  jewelry. 
1.        Using   lever  pull   ink   pins  away   from  chart. 


2. 

Remove  and 

rep i ace  chart . 

3. 

Reposi  t ion 

ink  pins- 

4. 

Check  for 

leaks . 

5. 

Check  for 

loose  connections. 

6. 

Check  for 

dirt   or   foreign  matter . 

7  . 

Check  for 

binding  of  moving  parts. 

EXERCISE  10 
BOILER  FLAME  SAFEGUARD 

PROCEDURES 

CAUTION:      Remove  all  jewelry 

1.  Remove  programmer. 

2.  Place  programmer  in  tester. 

3.  Check  operation. 

4.  Remove  programmer    from  tester. 

5.  Replace  programmer. 
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EXERClSli  11 
BOILL'IK  FLAME  CONTROL  SYSTI^M 
NOTi!::      Use  ytudy  Guide  as  reference. 
I.       What  is  tho  purpose  of   the  boielr  flame  control  system? 

2-        How  quickly  will    tho  control   system  shut  off  all   fuel  valves  upon    loss  of  flame 
signal? 


3-        The   scanner   can   be   located  how  far   from   the  control? 


4.        Why  must   the  scanner  wire  be  run   through   its  own   junction  box  and  conduit? 


5*       What  is  used   to  clean   the  contacts  of   the  programmer? 


G.        If   programmer   is  shut  down   for  an   extended   period  of   time,    the  power  should  be 
turned  on  when? 


7.        If  spare  programmers  are  available   they   should  be  rotated  how  often? 


8.       How  often   is  a   flame  failure  check  made? 


9.        How  often   is  a    flame  current  check  made? 


10.      What     s  the  purpose  of   the  flame  current  check? 


11.      What  is  the  purpose  of   the  flame  failure  check? 
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Boiler  Operations 


OBJECTIVES 

Given  information,   operate  a  steam  boiler  with  instructor  assistance. 

Given   information,   determine  step-by-step  procedures   for  operating  and  maintaining 
oil   preheaters  with  70^  accuracy. 

Given   simulated  job  entries,  complete  steam  logs  and    fuo^    consumi>tion   report  with 
instructor  assistance. 


Using  a  feedwater  regulator,    adjust  and  maintain   the  proper  water  level. 
CAUTION:     Remove  all  jewelry. 

1.  Proceed   to  I)oiler  area  with  instructor. 

2.  Trace  feedwater  system  and  explain  the  operation  of  each  piece  of  equipment. 

3.  Check  water  level. 

4.  Insure   float  is  free  moving. 

NOTF :      Blowdown   feedwater  control. 


Operate  high  or  low  pressure  boiler. 
CAUTION:     Remove  all  jewelry. 

1.  Make  preoperational  inspection. 

NOTE:      Report  all  discrepancies  to  the  instructor. 

2.  To  start  a  cold  boiler  and  system,   proceed  as  fellows: 

a.  Open  air  vent  (cock) 

b.  Check  water  level 

c.  Prove  water  level 

d.  Check  all  fittings 

e-     Line  up  feedwater  system 


PROCEDURE 


EXERCISE  1 


EXERCISE  2 
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f.  Line  up   fuel  sys-^em 

t;  •  Chock  all   air  datipers 

•  i  •  Line   up      1  o<!  t  r  i    I  1  sysliMn 

!•  Operate    f<?edwato.!  pump 

J  •  Tiight  off  boiler 

\ 

k.  Check  flame  contril 

1.  Chock  airflow  control 

•n .  Check  water   level  cc^ntrol 

ti-  Close  air  vent  after  steam   is  formed 

o.  Check   boiler  and   fittings   for  steam  or  water  leaks 

p.  Secure  the  boiler  and  systems 

Have  the   instructor  check  your  work. 


) 


i 

/ 
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EXERCISE  3 
BOILER  OPERATIONS 
NOThi:      Use  Study  Guide  as  reference. 

1.  What  must  bo  done  before  operating  any  boiler? 

2.  Vifhat  valves  must  be  closed? 

3«  What  valves  must   be   locked  open? 

4.  What  must  be  done  to  the  safety  valve? 

5.  What  must  be  done  to   the  cock   in  the  pressure  gauge  line? 

G.  On  auxiliary  equipment  having  bearings,   what  must   be  checked? 

7.  What   is  used   for  safety  against  high  intensity  sound? 

8.  What   is  the  temperature  of   the  water  u;3ed   to   fill   the  boiler? 

9.  The  temperature  difference  between   the  water  and   pressure  parts  should  be? 

10.  What  is  the  reason   for   not  having  a  big   temperature  difference? 

11.  br>ing  a  balanced   draft   system  which  draft   fan   is  started  first? 

12.  How   long  is  the  boiler  purged  for? 
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What   rato  is  the  purge  done  at? 


1-1.     How   long  should  it  take  to  raise  the  water  temperature   from  room  temperature  to 
boiling   point     (212°F)?  a  ^ 


15.     How  much  temperature  increase  per  hour  above  212**?? 


IG.      You  close  the  drum  vent  valve  at  what  pressure? 


17.     What  is  the  purpose  of  having  the  drum  vent  valve  open? 


IB.      What  is  normal   water   level   during  boiler  start  up? 


19.     Boiler  operators  have   three  main   responsibilities,   what  are  they? 


20.     What  does  a  boiler  operator  do  if  he  finds  an  unsafe  condition? 


21.      How  often  is  the  water  column  blown  down? 


22.      Uow  often  is  the  gauge  glass  blown  down? 


22.     Before  securing  the  boiler,   what  should  be  operated? 


24.      How  do  you  reduce  the  output  of   the  boiler? 


25.      How   long  is  draft  equipment  operated  during  shut   down  period? 


ERIC 


How   last     i>hou|.cl      the   boil        bo  coolod  ciovn? 


27.      What  could  happen,   if  the  boiler  is  cooled  off   too  quickly? 


28.      At  what  pressure   is   the  steam  drum  vent  valve  opened? 


EXERCISE  4 
NOTE:      Use  Study  Guide  as  reference. 

I.  What   is  a   preheater  used  for? 

What   types   of   fuel   require  preheating? 

3.  The  first  heating  of   the  fuel   oil   is  done  where? 

4.  What  is  the  purpose  of  heating  the  fuel   oil    in  the  fuel   oil  storage? 

5.  The  temperature  of  the  fuel  oil   during  the  first   preheating  stage   in   the  storage 
tank   is  at  what  temperature? 

G.  The  second   preheating  is  done  where? 

7.  What   temperature  is  obtained  during   the  second  preheating  stage? 

8-  List  the  three  types  of  preheaters. 

9.  What   is  used   to  protect   the  steam  preheater  from  excessive  pressure? 

10.  When   is  it  desirable  to  use  an  electric  preheater? 

II.  The  below-the-water-line  heaters  use  v/hat   as  a  heating  medium? 
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EXERCISE  5 
EMERGENCY  BOILblR  SHUTDOWN 
NOTE:      Use  STudy  Guide  as  reference. 

1.  What   is  the  most  common   boiler  emergency? 

2.  If  there   is  no  water  showing-;   in   the  ^uiucc  glass,   what  action  should  be  taken? 
»;hat   is  clone   to   the  steam  stop  valve,    if  a   furnace  explosion  occurs? 

4         What   is  done   if  you  i.ave   failure  of   combustion  control? 

5.        liow  lon^c   is  the  boiler  purged  when  you  have  complete   failure  of  ignition? 

o.       How  do  you  maintain  normal  water   level   if  a  failure  of  the  feed  water  regulator 
occurs? 

7.       What  is  done  if   the  induced  draft   fan  fails? 

^-        v;ha  I.    is  (If>no   if   the  forced   draft    fan  fails? 


I.        Complete    the   following  .statement/questions  concerning   the  operation  logs. 

a.  How  often   is  AF  Term  1458  prepared? 

b.  How  often  are  entries  made  on  AF  Form  1458? 

c.  How  often  are  entries  made  on  AF  Form  1^J4? 

U.      When   is   AF  Form  1464  submitted   to  major  air  command? 
2-       Complete  e^^tries  given  by  instructor. 


EXERCISE  6 


OPERATING  LOGS 


2-6 


EKLC 


3770  Technical   Training  Group  WB  J3ABR54n32  002-VI-3 

(Civil  Engineering  Training)  July  1983 

Sheppard  Air  Force  Base,  Texas 

High  Temperature  Water  Heating  Systems 

OBJECTIVES 

Given   informution,    identify  the  methods  of  producing  high  temperature  water  with 
70%  accuracy. 

Following  step-by-step  procedures,   operate  and  maintain  the  high  temperature  hot 
water  heating  system  trainer  and  distribution  system  with  instructor  assistance, 

PROCEDURE 

EXERCISE  1 
High  Temperature  Water  Plants 
Using  information,   maintain  a  pump: ng  system  with  instructor  assistance. 
NOTE:       Complete  the  following  statements  using  the  study  guide  as  a  reference. 

1.     The  minimum  temperature  differential  allowed  between  boiler  inlet  and  outlet  is 


Name  the  major  components  that  are  eliminated  from  HTVi  systems  that  are  normally 
required  for  steam. 


3.     The  three  basic  methods  of  generating  HTW  are 
a . 


b- 


c  • 


4.     The  three  types  of  forced  circulation  generators  are 
a  . 


b. 


c  • 


5.     Name  the  type  of  HTW  system  which  brings  steam  and  hot  water  in  direct  contact. 
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6.     List  the  problems  that  may  be  encouatored  when  converting  existin^i  boilers, 
a . 


b. 


«•  .0 

d. 


7.     Expansion  drums  are  used  to 


8.     The   three  methods  of  pressurizing  HTW  systems  are 
a . 


b. 


c . 


9.     Why  are  HTW  systems  pressurized? 


10.     Nitrogen  is  can  example  of  a/an     gas. 


11.     The  primar^j   purpose  for  usiai5  pumps  in  a  HTW  heating  system  ia 


12.  Name  the  two  principal  pumping  systems. 

a.  

b.  

13,  Name  the  type  of  pumping  system  which  uses  a  separate  pump  for  boiler  circulation 
only. 


14,  la  the  combined  pumping  system,   the  pump  is  used  to  circulate  water  through  the 
system  and  

15.  The  bypass  connection  is  used  in  all  HTW  combined  pumping  systems  and  is  actuated 

by    _  
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16,     The  control   that   Is  activated  by  a  minimum  llow  through   tht*  tjen^^rator    La  the 


17.     The  control   which  is  activated  due   to  abnormal  water   levels   in   the  exi)ani3lou  drum 
Lh   the   _  _     «  _ 

\>\,      A  UTU  meter  can  indicate  and  record    three   thin^^s.     They  arcj 

a.   ^   ^      ^ 

b.  

c  ,  .  

19.      What   is  AF  Form  1165? 


20.      What  is  AF  Form  1163? 


21.     What   is  used    for  the  daily   log  in  llTW  plants? 


Checked  by 


I ns t ructor 


EXERCISE  2 

Operation  and  Maintenance  of  Plants  and  Systems 
Preop-^rat  ional   1  nspect  ion 

All  installation,  repair  and  cleanup  work  completed,  includinii  cleaiiiai^  and 
flushing  of  heat  carrier  pipes 

All  conduits  and  passages  ti^jht  and   free   from  obstructions 
All   insulation  properly  applied   and  dry 

All   auxiliary  equipment   required   for  operation;    i.e.,    strainers,  drains, 
vents,    provision  for  pipe  expansion,   etc.,    properly  installed  and  ready  for 
serv  ice 


Operation  of   the  HTW  generator 

1.     IITW  Generator  Start-Up 

a.     Line  up  the  electrical  system. 

(1)     Insure  main  switches  on  the  Master  Panel   for  circulating  puraps ,  makeup 
pump  and  boiler  power  are  in   che  OFF  position 
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(2)  Pluc<*  Mast<^r  Panel  circuit  breaker  ON 

(3)  Place?  Master  override  switch  ON 

Insure   proper  water  level    in   the  expansion  drum. 

(1)  Maintains  a  75  -  7H%  full  drum 

(2)  Open  makeup  pump  supply  and  discharge  valves 

(3)  Turn  ON  electrical   power  to  pump 

NOTE:     When   the  expansion  drum  water  level   is  low,   the  makeup  pump  will 
operate  until   the  water   level   is  attained. 

If   the  water  level   is  too  high,   blow  down  the  system  through  the 
generator  or  expansion  drum  until   the  proper   level   is  attained. 

WARNING:     This  is  the  only  time  you  may  blow  down   the  system 
through  the  generator. 

(4)  Insure  the  expansion  drum  vent  is  open 

Check  both  the  system  purap  and  the  generator  pump. 

(1)  Insure  the   lubricating  oil   level   is  correct 

(2)  Open  the  cooling  circuit  valves  until   a  slow,   steady  stream  is  flowing 
into  the  drains 

Line-up   the  HTW  system  —  supply   lines  are  dark  blue,    return   lines  are  liKht 
blue 

(1)  Trace   the  supply   line  from  the  generator  to  the  expansion  drum,   from  the 
expansion  drum  through  the  system  pump  and  out  to  the  distribution  systei 

(2)  Trace   the  return   line   from  the  distribution  system  back  through  the 
generator  pump  to  the  generator. 

Line-up  the   load  bank. 

(1)  Open   the  supply  and  return   line  valves  to  the   load  bank 

(2)  Turn  on  the   four  load  bank  switches   (Master  Panel) 

Start  the  circulating  pumps  by 

(1;     Opening  pump  inlet  (both  generator  and  system  pump). 

(2)  Starting  pumps. 

(3)  Slowly  opening  discharge  valves. 
Start  bur  .i.    x  equipment  by 

(1)  Opening   the  main  gas  valve  to  burner. 

(2)  Opening  the  manual  gas  valve   for  pilot. 

(3)  Lining  up  gas  or  oil   valves  as  directed  by  instructor. 
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(4)  Sotting  tJie   fuel   selector  switch    to  GAS  or  OIL  as   instructor  rlir(•c!^s 

(5)  Tiirning  on   the  main  power  switch  to  burner  control 

(6)  Setting  the   firing  selector  switch   to  LOW  FX UK  POSITION 

NOTE:     The  burner  will   fire  automatically;    if  burner  fails,   consult  the 
troubleshooting  section  of  the  maintenance  manual . 

(7)  Allowing  burner  to  fire  on  LOW  FIRE  to  ensure  proper  temperature  rise 
Operational  Checks  of  Generator  and  System 

i-     Bleed  air  from  all  high  points  of  the  HTW  distribution  system. 

3.      Maintain  proper  water   level   in  expansion  drum   (refer   to  step  lb). 

CAUTION:     Due  to  heat  expansion  of  water,    the  water  level  in  the  expansion  drum 
will  rise. 

(1)  Use  expansion  drum  blowdown   if  water  level   is  high. 

(2)  If  water   level  in  drum  drops  below  the  preset  minimum,    the   firing  equip- 
ment will  automatically  be  secured  until   the  make-up  pump  raises  the  water 
to  the  proper  level. 

Maintain  pressure  on  the  system  by 

(1)  Closing  the  expansion  drum  vent  SLOWLY  when  you  have  a  steady  stream  of 
vapor  flowing  from  the  drum. 

CAUTION:      If  the  vent   is  closed  quickly,    the  water  will  surge   in  the 
expansion  drum. 

(2)  Maintaining  proper  water  level   in   the  expansion  drum. 

NOTE:     Operate  the  generator  until   the  preset  temperature  is  obtained  — 
320®F  water  and  120  psi  steam  pressure. 

i.      Perform  operational  checks  and  record 

(1)  Temperature  (supply) 

(2)  Temperature  (Return) 

(3)  Supply  pump  discharge  pressure   

(4)  Return  pump  discharge  pressure 

(5)  Distribution  flow   

(G)     Return  flow   

(7)  Expansion  drum 

(a)  Temperature 

(b)  Pressure 

(8)  Stack  temperature 
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Inspect  circulation  pump   for  the  following. 


(1) 


Abnormal  vibration  and  noise 


(2) 


Abnormal  pressure  and  flow  conditions 


(3) 


Leaking  packing 


(4)  Hot  bearings 

(5)  Hot  stuffing  box 

(6)  Temperture  of  gland  cooling  water 

Inspect   viilves   for  the  following. 

(1)  Leaks 

(2)  Damage  to  insuLation 

(3)  Bent  stems 


3,     System  Shutdown 

Shutdown  the  system  by 

a.  Securing  generator  burning  equipment  by  securing  electrical  power  and  securing 
gas   lines  or  oil  lines. 

b.  Securing  circulating  pumps  by  closing  discharge,   securing  electrical  power  and 
closing  pump  supply. 

CAUTION:     Circulating  pumps  CANNOT  be  shut  down  until  the  temperature  is  BELOW 
200  *  F .  ^ 

c-      Securing  cooling  water  to  circulating  pumps. 

d.  Securing  make-up  pump. 

e.  Securing  ALL  electrical  switches. 
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KXHJUClSli;  3 
PliOC"    MUhiS   FOR   UYDKOSTATIC   Tl-JST  ON  HTW 
NOTLi:     Answer  following  questions. 
1-       What  is  the  purpose  of    ^  hydrostatic   test  on  the  generator? 


2.        How  much  pressure  is  used  on  the  generator   to  perform  the  hydrostatic  test? 


3.       What  must  be  done  to  the  pressure  relief  valve  on  the  generator? 


4.       What  type  of   inspection  is  done  on  the  generator? 


5-       How  often   is  the  hdyrostatic   test  done? 
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liiXt»LANATION  OF  ThUMS 

ABNOKMAL--Not  normal . 

ACCKSS — Permission  or  ability  to  enter. 

ACCUMULATIONS — CoJ  lect  i.otis. 

ADHERING — Sticking . 

ADJOINING- -Next   to,  beside. 

ADJUST--Regulate. 

ADJUSTMENT — To   regu late . 

AFFECTING--T0  influence. 

ALIGNMENT — Putting   into  precise  position. 
ALLOY — Mixture  of  base  metals. 
ALTERNATING — Changing   back  and  fortb. 
ANNUALLY — Once  a  year. 
APPROACHES — Entries,    getting  closer. 
APPROPHIATE--Right   or  correct- 
APPROXIMATELY — About ,    almost ,  close. 
ARRANGEMENT — Having  been   put   in  order. 
ASBESTOS — A   fire  resistant  material. 
ASSEMBLED— Col  lected  ,    put  together. 
ATMOSPllEUh — Air. 
AUTHORIZED — Oflicialy  allowed. 
AUTOMATIC — Self  acting. 

AUXILIARY  EQUIPMENT — Extra  equipment  necessary. 
AVAILABILITY — To  have  close  to  use. 
13ASICALLY  —  b'undamen  t  :l  1  . 

BELLOWS-— Expandable  aevice  used  iii  traps,  valves  and  controls. 
BIMETALLIC — Compo.sed  of  two  different  metals. 

BLOWDOWN--Discharge,   drain  partially. 
BLOWER — Fan. 

BLOWING — Act  of  moving  air. 
BLOW  OFF — Blowdown. 
BODY — Th€i  main  part. 


BOILEll — Eaciosed  vessel   used   to  generate  steam. 
BUICKWORK — Work  of  or  with  brick. 
MUttNEH — Part  of  boiler  which  produces  flame. 
HYPASa — To  go  around. 

CALIBKATE/CALIBRATION— -Find,    change  or  mark  of  graduation. 
CAM-ACTUATbiD — Operated  or  controlled   by  a  cam. 
CAPABLi::~-Able  to. 

CAPACITY — Measure  of  content,   maximum  output. 
CAPILLlAHY — fcJmall  bore  tube  used  to   transmit  pressure. 
CASING — Body . 

CASTABLK — Able  to  be  molded. 

CAULKED — Stopped  up,    sealed  against  leakage. 

CENTHIFUGAL — Going  to  acting   in  a  direction  away  from  a  center  or  axis. 
CKHTIFIKD — Authorized   by   a  certificate. 
CHAMBER — Cavity  or  compartment. 

CHARACTEHISTICS — Traits,   qualities  or  properties. 

CIRCULATE — To  move. 

CIRCULATION — The  movement  of. 

CIRCULATOR-- That  which  causes  to  circulate. 

CLASSIFIED — Divided    into  classes.- 

CLINKERS — Stony  matter    I  used  together. 

COMBINATION — Two  or  more. 

COMBUSTION — Burning . 

COMMERCIAL — Used  for  or  by  business. 

COMMUNICATION — Exchange  or  express  thought,    ideas,   opinions  or  feelings. 
COMPENSATE — Make  up  for. 
COMPONENTS — Parts  of. 

COMPRESSION — Squeezing  or  compacting  with  power. 
CONDENSATE/CONDENSE— Steam  turned   back  into  water. 
CONDITIONS — Provisions  or  working  status. 

CONDUCTIVITY — Degree  of  ability  to  transmit  electricity. 
CONDUIT — Tube  in  which  pipes  or  wires  are  run. 
CONNECTED/CONNECTION — At  tached   to . 
CONSISTENCY — Thickness. 

iii 
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CONSTANT--Ai ways  or  lasting. 
CONSTrtUCTlUN — Made  or  made  of. 
CONaUMDH/CONyUMING — Usor ,    using . 
C0NTAC1\S — Eloct  rical   touch!  ng   poin  ts  . 
C0NTINUOUa--Aiways  or  lasting. 
CONTRACTION — Shrinkage. 
CONTROL — Having  power  over- 

CONVliRTERS^-Device  used  to  change  heating  mediums   (i.e.,    steam   to  water). 

CORUESPONUING — To  be  equivalent  or  parallel. 

CORROSION — Act  of  eating  away  by  degrees- 

CYCLK — A  sequence  of  a  recurring   succession  of  events. 

DAILY — Once  a  day - 

DAMAGE — Destroy  or  destruction. 

DAMPEKti--A  plate  used  for  regulating  the  flow  of  air  or  gases. 

DEAERATE/DEAERATING/DEAERATION — Removal  of  air  from  water, 

DklAERATOR— Device  used  to  deaerate  with. 

DECREASE — To   lessen  or  make  smaller- 

DEFECTIVE — Not   as  it   should  be. 

DEMAND--RequireD.ent . 

DEPOSITS — Colle-tions  of. 

DESIGN — Plan  or  purpose. 

DESIGNATED — Picked  or  chosen. 

DIAGRAMS — Simplified  drawings. 

DIAMETER — A  Straight    line  through  tlie  cen  er  of  a  circle. 
DIAPHRAGM — Thin  membrane  divider  or  parti  ion. 
D1FFERENCE--Sum  of  subtraction. 
DILUTION — Act   of   reducing  strength. 
DIMENSIONS — Measurements  of  an  object's  shape - 
DISCHARGE/DISCHARGED — Remove,   throw  out. 
Di   CUSS — Talk  about. 
D  3MANTLE — Take  apart. 

DISSOLVE — To  cause  to  disperse  or  pass  into  solution. 
DISTRIBUTED/DISTRIBUTION — Convey,   give  o  it   or  supply  portions  of. 
DOWNWARD — From  a  higher  place  to  a  lower. 
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KCONOMIZi:;K..^Closed   feedwater  heater   using    lot  stack  qases  as  a  heating  medium, 
KKKiCtl-:NCY/i;KK[cib:NT— Measurement  of  oepration  or  ability, 
GLKCTUrCAh — Pertaining   to  electricity. 
El.eCTKONIC — Pertaining   to  electronics. 
RLlilMENT — A  part  or   piece  of. 

EMEHGRNCY — Pressing   need   calling   for    immediate  action. 
EQUAL lZE~To  make  equal. 
EOniLIBRlUM — Balance. 

EQUIPMENT — I.Tipli^ments   used    ia  an  operation  or  activity. 
ESTABLISHED — Instituted ,    recognized . 
EVALUATE — To   examine   and  judge. 
EXCESSIVE — (]oing  beyond   a  limit. 
EXHAUST — Already   used  once. 

EXPANIVEXPANDED/EXPANSION—Increase    in   size   or  volume. 
EXPLOSIONS — Violent  outbursts. 
EXPOSED--lIn  covered  or  unprotected  . 
EXTERNAL — Outside . 
EXTREME— Maximum. 

KACILTTIES — Something  built,    installed  or  established   to  serve   a  purpose. 
FAILURE — Falling  short. 
FEATURE — A  special  attraction. 

FEEDWATER — All  water  put  or   to  be  put    into   a  boiler. 
FIl^EliOX — Chamber   that   contains  a  fire. 
FrRERRlCK — Used   to  build  furnace  refractories. 

FITTINGS — Various   controlling  devices   installed  on   a  boiler. 

FLASHING — Rapid   conversion  of  hot  water   to  steam  due   to  a  pressure  drop. 

FLEXIBLE — Bendable  or  pliable. 

FLUCTUATION — Changing   from  a  norm. 

FORCED — Done  or   produced  with  effort. 

FROST  LINE — Depth   to  which   the  ground  freezes. 

FUNCTION/FUNCTIONING — Work,  perform. 

FURNACE — Where   initial   combustion  and   burning  of   fuel   takes  place. 

FUSIBLE  PLUG — Brass  plug  with  tin   cc^re,   used  as  a   low  water  warning  device. 
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GASKS-~Mixturc  at  carbon  and  oxygen  produced  and  given  off   in   the  burning  proooss. 
GASKKT--A  ring  of  material   fitted  tightly  around  a  Joint   to  koep  it   from  leaking. 
GENKRATE/^^lSNiiRATbiU — To  make  or  produce. 
GHADUAThlD — Marked  with  degrees  of  ncatiurement . 

GRAVITY — Force  thai   draws  objects  toward  the  center  of  the  earth. 
HAND-HOLE — Hand  sized  orifice  in  a  boiler  to  facilitate  maintenance. 
HAllMFUii--Damagiiit^ ,  injurious. 

Hh;ADEH--Pipe  or  tube  shared  by  two  or  more  boilers,   objects  or  devices. 
HEATING-~The  act   of  increasing  the  temperature. 
HORIZONTAL — Parallel    to  the  horizon. 

HYDHAULIC- -Operated ,   moved  or  effected   by   :t   liquid,    i.e.,   water  or  oil. 

HYDROSTATIC  TKtiT — FiJling  boiler  with  water  to  a  pressure  one  and  one-half   times  the 
safety  valve  setting. 

IGNITION — Act  of  setting  on  fire. 

ILLUSTRATED/ILLUSTRATES — Drawn,    pictured  or  shown. 
IMPINGEMENT — Encroachment  or  infringement . 
IMPORTANT — Having  much  meaning  or  value. 
IMPRACT ICAL — Not   pr ac  t  ica 1 . 

INADEQUATE — Not  enough  or  not  good  enough. 

INCHEij — Units  of  measurement   equaling  1/12  of  a  foot. 

INCORPORATE — Unite . 

INCREASE — Add  to. 

INDEFINITELY — Unknown  amount  of  time. 
INDEPENDENT — Not  depending  on. 
INDICATE/INDICATING — Point,   direct  or  shov. 
INDUCKD--Sucked  up,    brought  on. 
INDUSTRIAL — Relating  to  industry. 
INFORMATION — Communication  of  knowledge. 
INJECTOR-    .  anit   to  force  water  into  a  boiler. 
INLET — Entry . 

INSPECT/INaPECTION — To  check  or  look  car*3fully. 
INSTALL /INSTALLED — To  set   up  for  use. 

INSTALLATION — Air  Force  bases  or  properties  which  contain  heating  equipment. 
INSTRUCTIONS — Procedures . 
INSULATE/INSULATION — Protect  or  cover. 
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INTKLLIGENT—Able  to  undorstand. 
INTKGHATii/INTKGRATLD— Mix  together. 
INTliKKEUK— To  hinder. 

INTKUMITTKNT — Comirn;  and  goint;  at  intervals. 

INTliUNAL — Inside, 

INVKKTfcD — Upside  down. 

I RHESPECTIVH-— Without  regard. 

ISOLATING  VALVE— Valve  used  to  separate  a  device  from  the  main  flow. 

JURISDICTION — Control  or  authority  over. 

LAMINATlONa — Layers  of  bonded  raatei'ials. 

LATTER — Relating   to  the  last  or  more  recent. 

LETHAL — Deadly. 

L  I  M I TaT  I  ON.S~  -Li m  its, 

LINKAGE — System  of   bary,    rods  or  links. 
LlNTLiL — Threshold. 

LOCATED/LOCATION— Indicates  place  or  site. 
LONGITUDINAL — Placed  or  running  lengthwise. 

LUBRICATE/LUBRICATED/LUBRICATION-To  make   slippery,    usually  with  grease  or  oil 
MAGNESIUM — A  form  or  type  of  insulation. 
MAINTAIN — To  keep  in  existing  state. 

MAINTENANCE— To  service  or  repair  a  piece  of  equipment. 

MALFUNCTION — Failure  to  operate  normally. 

MANUAL/MANUALLY— Worked   by  hand. 

M  ANUK ACTUR     -Make  r . 

MASONRY — To  do  with  stone. 

MAXIMUM — Most   or  highest  li.nit. 

MECHANICAL — Operated   by  a  machine. 

MECHANISM — Mechanical  oepration  or  action. 

METER — Indicating  type  measuring  device. 

METHOD — Way  of  doing. 

MINIMUM — Least  or  lowest  limit. 

MISALIGNMENT — Not  aligned. 

MIXTURE — State  of  being  mixed. 

MOISTURE — Wetness. 
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MONTHLY — Once  a  month. 

MORTAR — Mixture  of  cemout  of   lime  with  sand  and  water  to  hold  bricks  together. 
MOVEMENT--Change  of  place,   position  or  posture. 

— Needed. 
NIPPLE — Short  piece  of  pipe. 
NONCONDKNSABLE — Unable  to  be  condensed. 

NON-KETURN  VALVE — Valve  permitting  flow  only  in  one  direction. 
NORMAL — Average. 
OBSERVATION — Watching . 
OBTAINED — Got  or  received. 

OPERATE/OPERATING/OPERATION/OPERATIONAL — Relating   to  work. 

OPERATOR — One  who  operates. 

OPTIMUM — Best. 

ORIFICE — Hole  or  opening. 

OUTLET — Exit . 

OXYGEN — A  gas  without  color,   taste  or  odor,   and  Is  a  chemical   element   (O^) • 
PACKAGE — Moderate  sized  unit  with  all  essentials. 
PASSAGE — Channel,   course,   tunnel  or  corridor. 
PENETRATE — Pass  into  or  through. 

PERCENT — Reckoned  on  the  basis  of  a  whole  divided  equally  into  one  hundred  parts. 
PERFORATIONS — Holes. 
PERFORM — Uo. 

PERIODICALLY — Fixed  intervals  between  set  times. 
PERMANENT — Fixed  or  lasting. 
PERMISSIBLE — Al lowed. 

PERSONNEL — People  of  a  unit  or  group. 

PISTON--A  sliding  piece  moved  by  a  moving  against  a  liquid  or  gas. 

PLASTIC  FIREBRICK — Unburned  brick  that  can  be  shaped  to  form  refriictory  linings. 

PNEUMATIC — Operated  by  air. 

POSITION — Place  or  posture. 

POSITIVE  DISPLACEMENT — Equal   reaction  to  an  action. 
POUNDS — Unit  of  weight  measurement  equaling  16  ounces. 
PRECAUTION — To  be  on  one* s  guard. 
PREFABRICATED — Already  made. 
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PHEHhiATKUS — Kquipment   used   to  heat  something  before  it  is 
PRELIMINARY — Somelhing  that  precedes. 
PHEOPKHAT1UN/PREOPEUAT10NAL---Beiore  operating  . 
PHEyaLIRE--Force  exerted  . 

PHEVENT/PKEVKNTING — To  stop  from  happening. 
PHIMAKY— Main. 

PRIMING — I'illing  with  water. 
PRINCIPAL — Most    important . 

PROCEDURE — Stops   followed  in  a  definite  order, 
PROGRAMMER — Controlling  device  used  on  boilers. 
PROJECTING — Going  beyond. 
PROLONGED — To   lengthen   the   time  of. 
PKOPEU-'-uij^ht   or  correct. 
PROTECTION— Guard  against. 
PROVIDE — To  supply  or  support. 

QUALIFIED — Complied  with  the  sp'i^cific  requirements- 
QUALITIES — Peculiar  and  essential  characteristics. 
QUAHTEkLY — Four  times  a  year,    three  montht>  or  90  days. 
QUESTIONABLE — Doubt  f ul . 
RECOMMEND — To  attract    favor  to. 

RECTIFICATION/RECTlFYlNG~To  make  unidirectional. 
KEDIJOK/RKDUCING/REDUCTION — Decrease  or  make  smaller. 
UEFHACTOUY — Heat   resisting  nonmetallic  ceramic  material. 
REGENERATIVE — Ability  to  lorm  or  create  again. 
REGULATE/HEGULATING/REEGULATOR — To  control   the   flow  of. 
RELAY — Electrical   device  used  to  delay  the  flow  of  current 
REMOVED — Taken  away  from. 
REPAIR — Fix  or  put  back  into  condition. 
REPLACE/REPLACEMENT — Substitute. 

HEgU IRE/REQUIRED/REQUIREMENTS — Needed  or  essential. 

RE^;lDUE — Remains  <>r. 

RESISTANCE — Opposition  against . 

RESPIRATORY — Breathing . 

REVOLVING — Turning  around  on  an  axis. 
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RIVETKD — Fastened  or  unitod  with  rivets, 
ROTATION--The  turning  of   a  body  on  an  axis, 

SAFETY — Condition  of   being   r>n^e   from  or  causing   hurt,    injury  or  loss. 
SCANNi:i<--Cor^t ro  1   ;.;omponon^   •isufl         sf.Misr*  flaim^, 
Sb;DXMENT--Sott  I  i  ngs  of    impur  i  ties. 
SEQUENCf-:--The  order  of  progression, 

SET'IMN(](S)--Mat*'ria  1    that   iTover>'»   .111    insido   surrM<^»  of   a   hoiliM*  turri.n^r^, 

SliALLOW--Opposi  te   of  deep. 

S HRI NKAGE---Amoun  t   of   decrease    in  size, 

SIKULATANEOUSr.y--At   the   same  time. 

SOLUTION--Liqu id   containing   a  dissolved  substance. 
SPALLED/SPALLING — The   flaking   and   chipping   of   brick  surfaces, 
SPECIFICATIONS/SPECIFIED — Detailed  precise  presentation  of  something. 

STANDARD--Some thing   established   as   a  rule    for  measuring  quantity,    weight,   extent,  valno 
or  qua  I  i  ty , 

:;TAT10NAUY — Fixed,    iminob)  le, 

SUFF ICIENT/SUeK  tCIEN  ^LY — Enough , 

SUPERHEATER — Tubes   in  steam  boilers   that   add  extra  heat   to   the   stoam  before  exiting  the 
bo  i 1 e  r . 

SUPERVISOR — Administrator   in   charge  of. 
SUSPENDED--TO  maintain   from  falling  or  sinking. 

SYSTEM(S) — Regularly   interacting  or   interdependent  group   forminq   a   unifie<l  wholo. 
TAPEKKD — Becoming  gradually  smaller   toward  one  end. 

TEMPERATURE — A  measurement  of   heat   in  degrees   Fahrenheit  or  Celsius, 
THERMODYNAMIC — A  steam   trap  operat.3d   by  the  dynamics  of  heat. 

THV'JRMOHYDRAULIC — A   feedwater   regulator  operated   by  expansion  anJ   ooritraction  ol  wattM', 
THERMOSTATIC — A  feedwater   regulator  operated   by   the  expansion  and  contraction. 
THICKNESS — Measurement   from  one  side   through   to   the  other, 
T  HOROUGH  L  Y — Comp 1 e  t  e 1 y . 

THROTTLING — To  prevent  or  c'neck  activity  of. 

TURBINE — Rotary  engine   actuated  by   the   reaction  or    impulse  of   a  current   of    fluid  or  gas, 
TYPICAL — Common. 
UNCONDENSED — Not  condensed. 
UPWARD--From  lower  to  higher. 
VACUUM — Devoid  of  matter. 

VALVE — Mechanical  device   used   to  stop  or  permit   the   flow  of    fluids  or  qases , 
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VtNTUaATfcVVliNTlLATlON— To  air  out. 
Vl!;HlKlCATlON-~Act  or  process  of  confirming. 

VhlUTlCAL — In  an  upright  or  up-and'-down  motion  or  position. 

VIURATION — Periodic  motion   in  altornatoly  opposite  directions. 

VOLTAGli — Unit  of  electrical   potential   or  potential  difference. 

WAThlli — Contains  two  parts  hydrogen  and  one  part  oxygen,    expressed  as  H^O. 

WATI^rt  COLUMN — A  steam  boiler  external    fitting  used  to  prevent   fluctuations  of  water  in 
the  gauge  glass. 

WITHDRAWING  —  Taking  out  or  iiv/ay  . 

YKAKLY — Once  a  year. 
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EXTI2RNAL  BOILiER  MAINTENANCK 

OBJECTIVES 

Given  proper  prococlar»^s  and  with   team  member,    roplaco  and   tost  safety  va  1  vo  with 
instructof  ass  istance . 

Given  instructions  and  with  team  member,   replace   gauqe  with    iasruclor.    ar,s  i  .s  Lanco . 

Following  given  procer^ures  and  with  team  member,    clean  water  c<^lUTnn  and  c^aut~je  fjlaus 
with  instructor  assistance. 

Using    information,    answer  questions  about   inspection  and   replacement  of  r^ott  plu«js 
to  80%  accuracy. 

Given  proceuures,    check  and  clean  boiler  fireside  with   instructor  assistance. 


Given   procedures  and  working  with  team  member,    rv^pair  an<^  replace   reCtMCtory  with 
instructor  assistance. 


INTRODUCTION 

• 

External   boiler  maintenance    is  only  a  part  of    the   total  maintenance    that   is  done  on 
steam  boilers.     The   following   items  will  be   covered  under  external  maintenance: 
maintenance  on  safety  valve,    replacing  steam  gauges,   maintenance  on  water   column  and 
gauge  glass^    inspection  and  replacement  of  soft  plug,    checking   and   cleanin<i  fireside, 
repair  or  replace  refractory  material. 

Ext»->rrial    boiler  maint«-nance   can   ho  <Hvidod    into   two  ar<»ar^,    t  ho    tirst    i  i  n  t  oruuu-t? 

on  external    tittinga  ot   stc^am  boilers,    the  second    is  external    ma  i  nL<Mian».M^  on  llu; 
fireside  of   steam  boilers. 

INFORMATION 

EXTERNAL  MAINTENANCE  ON  BOILER  FITTINGS 

Safety  Valve 

The  safety  valve   is   the  most   important  boiler  fitting.      To  make   surt^   nliat    It  will 
work  properly   the  safety  valve  must   be   inspected,   tested,    and    if  needed  replaced. 

Preventive  Maintenance   Inspection.     The  preventive  maintenance    inspection  of  the} 
safety  valve    is  performed  on  a  daily,   monthly  and  annual    (yearly)   basis.     We  will  talk 
about  each  one  separately. 

DAILY   INSPECTION.     Check   for  deterioration  or   inadequate   r,upp<-)rt  or   sar<:ty   va  I  vi^ 
exhaust  piping.     Make  sure   that   the   valve  discharge  does  not   ondan<jer  p^jrsonntM  ,  oteam 
leakage   through  safety  valve  may   indicate  defective  seats  or    lf>lMod  .scale. 

MONTHLY   INSPECTION.     Test  each  safety   valve   by  gently   raising   the   valve  off   tlie  -^i^V-V 
seat  by  hand    (using   the   valve   lifting   lever).     Keep   the   valve  open  wide   for   at   least    10  i 
seconds   to  blow  dirt  and  scale  clean   from  the  seat.     Close   the   valve   by  suddenly 
releasing   the   lever.     This   test   is  done  only  when  the  boiler  pressure   is   from  80   to  85  VC 
percent  of   the  present  popping  point.  .  \*r^^-;. 

ANNUAL  INSPECTION.     Observe   popping  pressure  when   the    valve   pops  normally.  The 
valve    is  popped  by   the  steam  pressure  generated   in   the  boiler.      If  the  difference 
between  the  actual  and   the  present  popping  pressure   is  above   5  ps i ,    test   the  stoam 
pressure  gauge.      If   the  gauge    is   correct,   notify  your   superior  so   that   the   valve   can  he'"  ij*^!^ 
reset  by  an  authorized  person.  'c^i^ 

Replacement  of  Gauges  L:^* 

The  steam  gauge   is  replaced  only  alter   it   is   found   to  be  defective.     To  determine  !^ 
if  the  steam  gauge   is  defective  the  steam  gauge  must  be   tested  annually. 


The  steam  gauge    is   tested  by  using  either  the  dead  weight   tester,   or  air  pressure 
If   thr,  stoam  gauge   is   found   to  be  defective   and   cannot   be   calibrated    to   the  corrf^^ct 
pre.-^^sure,    then   it  will  be  rep  Laced. 

The  Bourdon    ir,   the  main   type   of   ^5team  gauge.      Bourdon  gauges   should  never  be 
connected  directly  to  steam  or  subjected   to  high   temperatures.'    A  proper  gauge  siphon 
called  a  siphon   loop  used   to   cor»dense   the   steam  is   used.     A  water   leg   is  sometimes  used 
in   th*:j  place   of   the   siphion    loop.     A  gauge   cock  must   be    installed  next   to   the  gauge  and 
provisions   for   testing  should   tx?  made   by   installing   a   test  gauge  connection. 

Water  Columns  and  Gauge  Glasses 

WATbR  COLUivlN.      Annually   (yearly)    the  water  column  will   be  dismantled,    cleaned,  and 
all   parts  will  be   inspocted    (valves,   alarm  linkages,    floats,    alarms,   etc.).      Replace  or 
repair  damaged,   pitted  or  worn  parts  as  required.     As  a  preventive  maintenance 
requirement,    the  water  column  will  be  blown  down  once  each  shift.      Slowdowns  help  to 
remove   scale,   d\rt  or  any  solid  matter  which   could  plug   the  gauge   glass   connections  and 
cause  a   false  indication. 

GAUGK  GLASSES.      Gauge  glasses  have   small   amounts  of   maintenance   that  will  be 
performed.      Repair  all    leaks  promptly.      Repack  gauge   valves  and  wat-.i    glasses  when 
required,   using   tlie  packing  rings  and  washers  recomiT^ended  by  the   m  tau  f  a  ct  urer . 

When    inj-.talMng  new  packing,   add  graphite   to  the  packing   wasU^.  r   to  prevent  the 
glass   f  rom   l.wi.sting  when   tlie  nut   is   tightened.      iJo  not  use   loo.-^ie  pac>  ing    in  water  glass 
stui.ling  hoxt^s.      Regrind    valve  seabs  and  discs  as  required. 

Blowdown  gauge  glasses  only  when  necessary,    and  then  do   it   gently.  Excessiv*^ 
blowing   d<-  .n  of   gauge   glasses   roughens   the  glass.      Usually,   when   the   water   column  is 
blown   down   the  gauge  glass   is   sufficiently  cleaned. 

Inspection  and  Replacement   .-^f  Soft  Plugs 

Fusible   plugs  are   hollow  bronze  plugs   filled  with   an   alloy    (mostly   tin)   which  has 
low  melting  i.x:>int    (usually   4S0°   -  500*>F).      If   the  water    level  drops   below  the   plug,  the 
tin   melts  an-l  blows   out,    allowing  steam  to   come   thru   the  soft  plug.      The   soft  plug  is 
ttu^reCoro   used  as  a  warning  device. 

The  boiler  has   to  be   taken  out  of  service   to  replace   the   plug.     Old  plugs  should 
not         refilled  with   tin  alloy   for  re-use. 

Inspection   of   the  soft   plug  will   be   done   during  boiler   inspections.      Scraoe  the 
.surface  clean  and   oright.      Replace   it    if   the   metal   does  not   appear  sound. 

Replace  soft  plugs   at   least  once  a  year. 

EXTERNAL  MAINTENANCE  OF  FIRESIDE 

RegarvlJess  of   how  efficient  you  are   at    firing   a  boiler,    carbon  will    form  on  the 
external  surfaces    (firesides).      Part  of  your    job  will  be   to  remove   the  carbon. 

Safety  Precautions 

Empty  the  boiler  after   it  has  been  shut  down  and  the   furnace   has   cooled  enough  to 
permit  a  man   to  enter  and  remain  safely.      (The  boiler  water  temperature  will   then  be 
below  200 *>F.)      Proceed  as  follows: 

1.  Take   proper   precautions  before  sending   a  man   into  any  part  of   the  boiler.  Provide 
workers  with  goggles   and   respiratory  protection. 

2.  Open   access  doors   to   the   furnace   and   gas   passages.     Tag   all   controls   and   close  and 
lag  all   valves,   drains,    and  blowdown   valves   connected  with   similar  par^.^5  of  other 
waits  under  pressure.     This  procedure  prevents   steam  r      hot  water   from  entering  th 
unit.     Be  sure   that   the   tags  remain   until  an  authorize.,  person   removes  them. 

3.  Inspect   tools   for  broken  parts  before  use. 

4.  Check  electrical   equipment   for  the   proper  grounding  plug  and   frayed  wires. 
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Keep  area  clean  as  possible  while  working,    remove  clutter   I  rum  rioor,  etc 


CLEANING  OPEHATING  BOILEHS 


bOOT  BLOWEHb.     Soot   blowers  are  uded  to  remove  soot,   ash  cinders,   and  slag  dopes i 
Irom  boiler  heating  surfaces.     Soot  blower  systems  consist  of:     soot  blowor  units 
permanently  mounted  in  the  boiler  setting,  or  boiler  supporting  structure:   u  piping 
system  to  handle  the  blowing  fluid  (usually  steam  or  air),   and  a  control  syslem 
(manually  or  automatically  operated  valves). 

SOOT  BLOWEU  TYPES.      Two  main  types  of  soot  blowers  are  used  in  heating  plants: 

1.  Stationary  Element.     This  type  is  used         remove  slag  and  soot  deposits  on  shallow 
banks  of  tubes.     The  element  is  fixed. 

2.  Rotary  Element.     This  type  is  used  to  clean  tubes  in  the  different   boiler  passes. 
It  cau  be  rotated  through  a  preset  blowing  arc. 

MECHANICAL  SOOT  BLOWER.     Mechanical  soot  blowers  consist  of  a  blower  element   and  a 

head . 

Head.  The  head  admits  the  blowing  fluid 
to  the  element.  In  the  rotating  type  of  soot 
blower,  the  head  rotates  the  element  through  a 
preset  blowing  arc.  Figure  1-1  illustrates  a 
type  of  soot  blower  in  which  the  admission  of 
the  blowing  fluid  is  controlled  by  a  cam- 
actuated  valve  located  in  the  head.  This  valve 
is  operated  wlien  the  element  is  turned.  The 
blowing  arc  can  be  adjusted  to  avoid  striking 
and  damaging  baffles,  drums,  and  headers.  The 
head  can  be  supported  by  a  wall  box  installed 
in  the  boiler  setting,  or  by  the  steel  boiler- 
supporting  framewcrk.  Springs  and  sliding 
fits,  or  a  flexible  joint  between  the  head  and 
the  element,  normally  take  care  of  relative 
movement  between  the  head  and  the  wall  box. 

Elements.     Soot  blower  elements  are  tubes 
which  have  a  number  of  nozzles  through  which 
the  blowing  fluid  flows.     The  nozzles  are 
designed  and  spaced  along  the  element  to 
provide  an  effective  cleaning  effect.  During 
installation,    it  is  important  to  checktho 
position  of  the  nozzles  relative  to  the  boiler 
tubes  to  prevent  direct   impingement.  linlnss 
this  precaution  is  observed,    the  high  velocity 
of  discharge  through  the  nozzles  may  dama^.e  the 
tubes.     Elements  are  made  of  plain,  calorr.zed, 
or  alloyed  steels,   according  to  the  tempeiature 
to  which  they  are  to  be  subjected.     They  are 
supported  at  regular  intervals  by  bearings 
clamped   to  the  boiler  tubes.     The  design  nvd 
spacing  of  the  bearings  depend  on  the 
temperature  of  the  zone  where  they  are  to  be 
located , 
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Figure  1-1.     Val ve-I n-Head  Soot  Blower 


Cleaning  Procedures  for  an  Idle  Boiler 

To  safely  and  efficiently  clean  an  idle  boiler,    you  should  perform  these  steps 

1.  Remove  the  burner  and  perform  preventive  maintenance. 

2.  Cap  off  the  fuel  line. 

3.  Provide  ventilation,   goggles,   gloves,   coveralls  and  respirators. 
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6. 
7. 
8. 
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All  electrical  equipment   usod  must   bo  grounded   (have  the  :^-prong  plug). 
tuL^oITo;^!^^"'''"^  ^'""^  ^"^^  oomplotely   through  the  tube  of  a  fire 

J^^o.^Ton'^'H'''  '"^^"^  ^  complete  pass,    to  not   try   to  change 

direction  when   tho  brush  is  inside  the  tubo,  ^nt^ngt. 

Brush  each  tube  until  clean   (should  be  shiny). 

Clean  all   flat  heating  surfaces. 

If   there  is  soot,   clean   it   off.      (1/16-  soot  =  approximately  5%  heat  loss,) 
?Ilbes.^^^'^''^  summer,   pass  a  mineral   oil-soaked   rag   through  the 

cleanlr!'etc°'''  convenient  method;    dust   pan.    brooms,  vacuum 


CHKCK   AND  CLKAN   FIREBOX,    SMOKE  BOX,    AND  STACK 
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method^t/^^t';^.^*'''''^'!  ^^.^^^^'^^^  quarterly,    a  vacuum  cleaner  or  some  other  convenient 
th^C^sf  o?  ?he\ta^^  """^''^         ^"''^^^^  ^^^-^^^^^^  Clean-out  doors   loc^JeS  at 

Smokebox 

1.^     T[»e  smokebox  can  b«  cleaned  by  vacuum  cleaner  or  any  other  convenient  method  Mo^t 
t^;^Lok.'i^"^  are  equipped  With  rear  observation  doors  o^  some  o?Ser  melns  of     Sc^ss  7^ 
biiiSr  «t>servat.ion  door  is  secured  tightly  beiore  starting  the 

F  irebox 

r.^i^r^.ll''^^''''  walls  Of  space  heaters,   furnaces,   and  boilers  are  usually   lined  with 

material  such  as  firebrick,    insulating  brick,    refractory  mortar     etc  A 
refractory   lining  in  a  horizontal   type  boiler  is  shown   in   figure  1-2       Ref^acto^y   is  a 

^^'•^"^ic  material.     When  a  boiler  is  shut  down  ?or  repairs 
or  lay  up,    the  firebox  should  be  cleaned   to  remove  soot,    loose  slag  and  deposits  After 
S  "ickw^^^^^  inspection  of   Ihe  refractory   is  in  orde^  to  loclte^ooL  o?  lagging 

biickwork   that  may   be  m  need  of  replacement  or  repair.  Sb^^ng 
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Figure  1-2.         Refractory  Lining  in  a  Horizontal  Type  Boiler 
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INSPECT  PIKES  IDES 

Inspoctxon  of  boiler   firesides  should  be  performed  wlienever   the  boiler   is  sliut  down 
for  f?x tended  periods  of   time.     Materials  needed   for  repair  or  replacement   can  be 
ordered,   and  work  can  be  scheduled   to  conform  with  the  workloaa  of  tlie  shop.  After 
completion  of  a  job,    tho  work  should  be   inspected  to  insure  it  conforms  witli  the 
manufacturer' s  specifications. 

REFRACTCtiY  LININGS 

The  purpose  of  a  refractory  lining   is  many  fold  and  may  be  summo<i  up  by  tho 
following  statements: 

1.  it   protects  the  furnace  or  boiler  lining. 

2.  It  assists  in  maintaining  a  high  combustion  chamber  temperature. 

3.  It   helps  to  accelerate  the  rate  of  combustion. 

4.  It   prevents  the  escape  of  heat  through  the  walls  of  the  combustion  chamber. 

5.  It  serves  to  protect  boiler  drums,    headers,   waterwalls,   etc.,    from  direct  contact 
with  the  flame  and   from  radiant  heat. 

6.  '.t  resists  the  cutting  and  abrasive  action  of  a  flame  and   the  unburned  particles  of 
f  ue  1 . 

7.  It  possesses   uniform  expansion  and  contraction  characteristics  within  oueratiuK 
limits. 

8.  It  roftjsts  fusion  at  a  temperature  to  which   it    Is  (?x posed. 

9.  It  withstands  heavy   pressurtjs  from  other  brickwork  or  boiler  parts  at  hiiru 
temperatures. 


10. 


It  resists  spalling.      Spalling  is  the   flaking  and  chipping  of  brick  surfaces. 


11.  It  resists  slagging.  Slugging  is  the  fusion  of  mineral   residue  such  as  ash  with 
brick  surfaces. 

12.  It   resists  vibration  caused  from  panting  and   ignitj.on  explosions. 
Factors  Effecting  Linings 

The   life  of  a  furnace  or  boiler   lining  is  influenced  by  many  factors     three  of 
which  are  listed  below: 

1.  High  furnace  temperature. 

2.  Rapid  changes  in  temperature. 

3.  Vibration  or  panting  of  a  boiler.      (Lack  of  air  in  combustion  chamber.) 

The  first   factor  anay  be  offset  by  using  the  best  grade  of  retractory  material  available. 

The  second   factor  can  be  reduced  to  a  minimum  by   intelligent   boiler  operation.  A 
boiler  should  never  be  heated  as  fast  as  possible.      It   Should  be  fired  at    low   fire  to 
allow  the  brickwork  to  warm  up  slowly.     The  same  procedure  applies  to  the  cooling  of  a 
boiler.     However,    in  case  of  emergency,    it  may  be  necessary   to  Ignore  these  precautions 
but  continued  practice  should  not  be  allowed  since  brickwork  troubles  will   soon  develop. 

The  third  factor  is  sometimes  difficult  to  correct.     Vibration  and  panting  of 
boilers  may  be  due   to  the  method  of  operation.     Design  of  the  combustion  chamber,  type 
Of  tuel  usei.,   etc.     Such  malfunctions  may  be  determined  only  by  careful  analysis  of 
operating  methods  and  complete  inspect ioa  of  the  boiler  unit. 
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Typhis  of  Itoftactijry  Materials 


There  are  many  different   types  of  refractory  materials  on  the  market   today.  liach 
manulacturer  recommends  their  product  and   li^ts  various  reasons  why  such  products  are 
superior  to  others.     However,    the  heating  specialist  should  know  the  use  of  llrebrlck. 
.  «  p  ?  '^^i^'^'   ordinary  brick  and  mortar.     A  good  quality  of  materials^  should  be 

used.     Refer  to  manufacturer's  instructions  and  blueprints  when  making   reuadrs  or 
replacements.  "  ' 

InsuLit  1  ng  Block 

Insulating  blocK  is  made   Irom  uncalclned  diatomaceous  earth  and  a  bonding  material 
to  make  It  hold  its  shape.      It    will  not  stand  exposure   to  direct    flame.      But   it  with- 
stands  temperatures  up   to  J.oOU»F.      It   is  used  as  the   first   insulatinB   layers  against  the 
metal    casing.     Various  methods  are  used   to   tie   the  block   to   the  casing.      it    is  n.^ht- 
'f»^t^  ,  um'""'''',^;"'*  "'l!''^         handled  carefully.      Standard  size  of   insulating   blocks  are 

Insulating  Brick 

Insulating   brick   is  made  of   fire  clay  and   possesses  a  high  insulating   value  and 
ability   to  withstand  high   temperatures  without   shrinkage.      Insulating   brink   is  not 
..."^.w^^^''^  I?         ^^"^"^         direct   contact  with  the  flame  and  where  the  hot   gases  exceed 
.iijOO  It    IS  availabli^*   in  all   standard  9-inch  series  shapes. 

Insulating  brick    is   porous,    light   in  weight,    and   possesses  a  heat   conductivity  of 
less   than  one  third   that    of  heavy   firebrick.      Due   to   its  excellent   insulating  qualities 
brick  of  this   type   is   frequently   used  between   the   inner   firewall  and   the  outer  wall   of  a 
boiler   for  the  purpose  of   reducing  heat   loss  from  the  combustion  chamber.  Because 
insulating  brick  is  soft  and  porous,    it  must  be  handled  carefully   to  prevent  breakage. 

t>tandard  Firebrick 

Standard    tlrebrick    is  made  chiefly  of 
rotrav-.toiy  clay.      ll    insiy   bi*  either  hard  and 
dense  or  comparatively   soft  depending  on  the 
treatment  during   its  manufacture.     Firebrick  of 
this  type   is  used   in  direct  contact  with  the 
flame  and  withstands  a   temperature  of 
approximately  3000"?  before  it   will  melt  or 
fuse.      See  figure  1-3. 

»Standard  firebrick   is  manufactured  in 
various  shapes  and  sizes.      The   firebrick  shown 
in    figure  1-3   is  y-inches   long.   4  I/:4'-inches 
wide,    and  2   1/2-inches   thick.      However.  alJ 
other  shapes  of   firebrick  are  usually  9-inches 
long  with  various  widths  and   thicknesses  to  fit 
tlie  spaces  desired  during  refractory 
construction.     See   figure  1-4. 

Plastic  Firebrick 


Figure   1-3.      A  Standard  Firebrick 


For  normal   refractory   work,    standard  firebrick  is  generally  used,    but  plastic 
firebrick  is  recommended   for  emergency  patching   and   building   furnace  openings.  Plastic 
firebrick  is  unburned  brick  in  a  stiff  plastic  condition.      Because  of   Its  plastic 
nature,    it  can  be  pounded  into  a  cavity  or  space  where  a  prefabricated   firebrick  would 
not   fit   unless  the  cavity   was  chiseled  to  the  proper  dimensions.     The  fusion   point  of 
plastic  firebrick  is  practically  equal   to  that  of  the  standard  firebrick,    but  due   to  the 
additional  moisture  in  the  plastic   firebrick,    a  greater  degree  of  shrinkage  will  result. 

Building  Brick 

Standard  building  brick  is  made  by  molding  a  mixture  of  sand  and  clay  and  baking 
the  mixture  in  a  kiln.     Building   brick  is  usually  used  to  form  the  outside  portion  of 
the  boiler  combustion  chamber  wall.     The  brick  affords  protection  to  the  insulating 
brick  and  adds  strength   to  the   construction  of   the  boiler  assembly. 
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Ordinary  building  brick  is  8-inches  long,   4-inches  wide,   and  2-inches  thick.  LJrick 
of  this  type  is  less  resistant   to  high  temperatures  and  should  not  bo  used  as  a 
substitute  ior  firebrick  or  insulating  brick. 


HTND  .SKFW 
(9"  -  6  3/4")  X 


SMALL,  v"  IIKICK 
9"x  1  l/^"x  ^ 


SPLIT  BRICK 
9"  X  4  1  /2"x  1  1/4 


JAM  H  lUUCK 
9"x-l  l/2"x  ^  1/Z" 


2"  BfUCK 
9"x  4  1  /-i"x  2" 


9"  X  4  I  X 


(-  1  /a"   J  1  /  r) 


No,    I  W  KUtiH: 
T ' X  4  11 1"  \ 
{I  -  I  7/n") 


Figure  1-4.     Various  Firebrick  Shapes  and  Si:^;es 
Baffle  Mix  or  Castable  Refractory 

Castable  refractory  is  a  granular  material  composed  of  calcined   flint  clays, 
refractory  clays,   and   lumite  cement.     Castable  refractory  is  used  around  burner  ports, 
peepholes  and   for  patchwork.     Castable  refractory  can  be  safely  used  any  place  where  the 
temperature  does  not  exceed  3000*F.     CaFtable  refractory  must  be  molded  to  shape  with  a 
form  (much  like  concrete). 
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P.l  as  t  i  c  Ch  fome  Oro 

<.  drop  i„  tempecJtuS  Se  licit  2?oS.?  f^  ,  ?hfckne  =  ri?  (■"'"a^d  Jogrees.     Thl,  is 

V'lcistic  Firebrick   Used    Cor  Repairs 

be?     ™;  PlS^^J^s'^iSoi'tSen  shS^iTh"'  =         "■""'a  together,    thrbjiter 'it  will 

tion  dui-in.,   the-   vitrification  Drnr-f^^^  J^T^  f.^      -l       ^       aUowR  deeper   heat  penetra- 

the  moisture    in   th  "plastic       ^''^'^^^^   ^"^^   ^1-^°  permits   the  escape  of   steam   formed  from 

r.com::lincW,'to't?owl?  Sac^  of   f  n^rofaftic  ^^''^-1^'^-   structure.      It   is  not 

tho  ...Hcapo   of  ..o.m  .n,r?n.;  th^''v?trffrca"tLn^';roce..^^  "^^""^   "''-^  '°  ^^^^^"^ 

.een  •rr:.rlt-r-:/---.f  -  wouid  have 

.epeJJn^'^.irt^^^  h^Cmfiit/\^n"^  "rso^^^L-^^L^^t^L.^r 2f^Lrai^°^- 

.%:"-^r:/^^?h^^^  P^%r„l  t^  vT  jr^^  f  fci^^^^^ 

of  about   29000-3000°   for   vitrification       qhn.nH.nv,  .k"  •   l^^^^^""  requires   a  temperature 
process,    they  should,    if   small,    be   ^^lied  wr^J   f^r^  cJa^"  ffl.^"'^''"  "^^^         '^'^'^'"^  ^^^^ 
the  plastic  section   is  not   vented!   it  wlii  brneceLarv^;o  L^f^!%'*'''\P^^^'^'^-  " 
thirtv-six   hoiir=:   ah   ^    ir^^  i  wi  i  1.   De  necessary   to   bake   it   from   twenty-four  to 

t.nrcy   SIX   nours   at  d   lo>v  temperature   prior   to  vitrification. 

Mo  eta  i- 

Fir-     ■'^S''-'!;'^'-  .^"^  ^   mixture  of   Eire   clay,   water,    and   «and.      :t   is   usr-d   for  settina 

c^r.,t^;."r'„.;r!:;;%!;:;^,\'.jr^'tr  """•''"^  "■^'■"^  co„stru=ti„g-"bofTe%"=^ruiti„„ 

Expansion  Joints 

Many  combustion  chambers  constructed  of  bricks   fail  because  no  orovisinn 
for  normal  expansion.     This  condition   results   in   cracks   in   the   brick    io^nts  ^nd  aMow. 
air   to   leak   into   the   co-nbustion  chamber  making   it  difficult  requlaJe  conbustioi 

f:T.::'lnly   low^°°  '■^'^''^  ^"   the\a.Us,    the  ef f icien?y ':f'%hT^?ur^ac"-would 
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To  prevent  combustion   chambers  £rom 
crackin<j  ciuo  to  expansion,         is  nccesairy  to 
install  expansion   joints    in   the  combustion 
chamber  brickwork.     Figure    1-5  ?] lustrotes 
^tagqered  expansion   joints   in  the  corner 
oonstructon  of  u  typical   Curiuicc  w.ill.  Tlioso 
oxpan.^sion   joints  usually  extend   the  heiqht  ofc 
the  wall.     Expansion   joints  are  normally 
G.ulked  with  asbestos  rope  or  other  suitable 
material  wich  allows  movement  of  the  bricks  and 
still  maintains  an  air  seal   at   these  joints. 

Tying  Brick  Courses 

S<>met  im':a   it   is  desirable  to  tie  standari 
firebrick  to  the  outer  brick  wall.     For  this 
purpose,    it   is  necessary  to  procure  notched 
firebrick  and   tying   irons  and  construct  the 
wall    in  a  manner  shown   in   figure  1-6. 

This  method   is  by  no  means   the  only  one. 
Some   brick  courses  of  a  wall   may  be  held 
together  by  bolts  which  extend   through  the 
complete  wall. 


BOlr.KH    REFRACTORY  RlilPAIR 


Minor  Repair 


Plastic  firebrick  is  especially  useful  for 
quick  patchwork/    such  as   replacing  spalled 
brick  faces.     When  patching  spalled  brick 
faceSf    be  sure  to  remove   all  ash r   slag,  or 
foreign  material  on  the  remaining  brickwork. 
Without  removing  an  excessive  amount  of  the 
good  bric^w  make  the  area   to  be  patched  as  rouyh 
as  possible.     A  patch  of   this   type   sho  *ld  be 
made  only  as  a  temporary  measure;    it  will  not 
last   for  any  great   length  of  time. 

For  a  more  permanent  job,    the  firebrick 

should  be  removed  hack  to  the   insulating  brick. 

For   larcje  patches,    use  as  many   firebricks  as 

possible  and  build  in  the  remainder  of  the  wall 
section  with  plastic. 

Major  Repair 


Figure    1-5.      Typical   iMuriacM  Wail 


Figure  1-6. 


Ty  i  n  1 
Wa  1 1 


F  i  ri.'bL-  i  ok   I J 


Ou 


After  an  inspection  of  the  furnace  has  been  made,  an<i  it  is  determined  tiiai  cLra. 
repairs  will  not  suffice,  plans  should  be  made  to  completely  rebrick  the  dama^j^^d  w.:i  I  J 
floor  area. 


If  a  set  of   prints   showing   the   location  of  expansion   joints  and   the   numh^.r  of 
bricks  of  each  type   to  bo  used   in  the   furnance   is  not  available,    the   man    in  charge 
should  count  the   number  of   bricks  needed  and   notate   the  exact   location  of   .ill  expansion 
joints.     The  availability  of  material   neoded   for   the    job  shoiild  be    insured   l^.-tioro  th*:* 
wall  or  floor   is  removed. 

After   the  damaged  wall  or   floor   is  removed  the   furnace  should   be   cleaned  anJ 
inspected.      If   the   furnace   is  of  steel  construction,    the   furnace  should  be   chi.-ck.:'d  for 
proper  alignment  and   repaired  before   new  brick  is  installed. 

The  first  material   installed   is  the  1"   x  6"   x  36"   insulating   block.     This   is  l/iid 
ash  against  the   floor  or  wall  making  sure   to  always  break   joints.     No  cement  or  mortar 
used.      Extreme   care  should  be  used  so  as  not  to  break  any  corners  off   the  innilating 
^ock.     When  corners  are  broken,   blocks  should  be  sawed  off  square. 
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The 
It  isn't 
mixod  to 


ina  t  o  r  i  a  1 


X  9"  insulating  brick, 
mortar  is  used,   it   should  be 
insulating  brick  should  be 
to  obtain  a  tight  joint.     Continue  doing  so 

LnsulatinK  brick  1  1/4-   x  4   i  /s>«i       qm  ^  ITw^^fi?^!?®^^'^  Joint   is  to  be  located,   a  split 
rVT^it     I    1  '       ^  ^  ^  ^     should  be  used,   with  a   1   1/4"  x  4  i/2"   x  9" 


to  be  installed  is  the  2  1/2"  x  4 
required  to  use  mortar  for  insulating  brick;  if 
a  tliin  dipping  consist'.^ncy .     The  second  row  of 
rubbed  acainst  the   first   row  making  sure 
until   the  course  is  finished.     Where  the 


^     f  ."f     material   to  be  installed  is  the  2  1/2"   x  4  1/2"   x  9"  firebrick  Mi.rh 
care  should  b^-  taken  when   laying  this  course  of  brick.     The  work  should  be  under 
constant     experienced,   and  intelligent  supervision.     The  brick  shSu?d  be   laic"  ev.Mi 
ol^\.^^^\''^fLr^S"n'sne:r  ?r%f'"  ^^r. each  brick  Ire  S^sialfa^'possl^  bT^.-not 

.rjcks^t^i-tj;  ^''t^^:^^^  --n       ^iTr?f.rLi^:  tr:;or.?r°:nd 
tr^~ 

furnace   fan^^/tK   ^J,'^^''^^'^'^^  ^f^.    but  the  joints  should  never   exceed  1/lB   inch.  The 
turnace  face  of  the  bricks  should  all  be  in  the  same  plane  without  any  of  the  eddies 
olif^V  llLl''.''  ""'^''^    -posing  the.  to  the  flame.     tLs  would  cause  ^aSfdSetSioJation 


SUMMARY 


Uie   tiriA)ox   lining  protects  the  boiler  casing  and  assists 
lurnaco   t  emp.  ra  t  ur..»  because  oV  it's  ability   to  retain  heat  lor 

must   be  kept  clean  and 


ui    i  imu.     Tiu.»  rolractory  material 


in  maintaining  a  high 
relatively   long  periods 
in  good  repair. 


QUESTIONS 

I.        What    us  boiler  reJractory? 


2.       What   i«  the  purpose  of  the  soot  blowe 


r? 


3.       What   is  used   to  clean   the   tubes  of  a  fire  tube  boiler? 


].  List  three  important  factors  that  can  effect  the  life  of  furnace  or  boiler  lining. 
5.        In  g€>neral  ,   what   is  plastic   firebrick  used  for? 


G.       What   is  building  brick  used  for  in  boiler  construction? 


7.       How  often  are  water  columns  blown  down? 


B.       How  often  is  the  gauge  glass  blown  down? 


i)»        What   is  the  purpose  of  soft  plugs? 
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1.0.     What   is  used  to  attach  a  steam  gauge  to   the  bolier? 


AKM  85-12,    Vol   I,   Operation  and  Maintenance  of  Central  Heating   Plants  and  D  i  ^>  t  r  i  bu  t  I  <)r) 
Systems 
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INTKHNAL  BOlLtlH  MAINTENANCL; 

OB.JECTrVL;t> 

Given  proper  procedurtis  and  with  team  member,   maintain   boil^.^r  watfr^idc  r.oniponiMi  t  r-. 
with   instructor  assistance. 

(liven  Intormation  and  with  team  member,    inapcict    for  <»AirrM;ii   rurr(>i-;Lon  wiiii 
Inst  ructor  assiatance. 

Following  step-by-step  procedures  and  with  team  member,   perform  a  hyd  ros  r  a  t  i  l  t??j;( 
with   iaiat  ructor  as&Lytance. 

Given  intormation  and  with  team  member  and  following  step-by-step  procedures,  inakt? 
minor  tube  repair  with  instructor  assistance. 

INTRODUCTION 

Internal   boiler  maintenance  is  the  second  part  of  the  total  maintenance  thitt  is 
done  on  steam  boilers.     The  first  part  of  the  total   maintenance  was  previously  covor<.»d 
in  the  first   unit.     The   following  items  will   be  covered  under   internal  maintenance: 
maintaining  waterside  components,    inspection  for  internal   corrosion,   hydrostatic;  test, 
and  minor  tube  repair. 

The   internal   surfaces  (watersides)   of  the  boiler  must   also  be  cleaned  so   i ha  1  scali- 
does  not    form  and  harden.     The  scale  will   insulate  the  tubes  resultlnij;   in  hurin  n^  them 
out  . 

INFORMATION 

INTblKNAL  BOILER  MAINTKxNANCb; 

Before  you  enter  the  waterside  of  a  boiler  for  inspection,   cleaning,   or  repair,  the 
boiler  must   be  shut  down.     The  following  procedures  will  explain  proper  shutdown. 

Shutting  Down  Procedures 

1.  Operate  the  soot  blowers  before  shutdown,   while  the  boiler  is  still   in  operation 
(if  applicable). 

2.  Gradually   reduce  the  load  on  the  boiler  by  cutting  down   the   fuel  and  air  .supply. 

3.  Keep  normal  water  level. 

4.  When  boiler   V>ad   reaches  about   30  per-ceut  of  rating,    clnniKt*   t  lie  combu-.tion  <<»n!rol 
and  the  feedwater  control   from  automitic  to  manual  operation. 

5.  Before  completely  stopping  the  fuel    supply,   open  ttie  drain  valves  at   the  steam  and 
nonreturn  valve,   and  the  drain  valve  on  the  superheater  outlet  header.     He  sure 
bypass  valve  around  the  nonreturn  valve  is  closed. 

6.  When  the  load  has  been  reduced  as  much  as  practical  with  the   fuel  burning?;  e^^uipm^Mit 
provided,   shut  off  the  fuel  supply. 

7.  Continue  operation  of  draft  equipment  until  all   fuel  accumulations   in  the   fui naoo 
have  been  burned  and  the  furnace  is  thoroughly  purged. 

8.  Shut  down  draft  fans. 

9.  Close  dampers,    including  air  preheaters  and  superheater  dampers. 

10.  Cool  down  the  boiler  at  a  rate  not  exceeding  a   lOO^F  drop  in  saturated  boiler  water 
temperature  per  hour.     Excessive  stresses  in  pressure  parts  can  be  set   up  if  the 
rate  of  pressure  and  temperature  ct ange  is  excessive. 
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12. 
13. 

1  4, 

16. 
17. 

18. 


Mu'^^lrafn''vMfvr?^  <lischarging  steam  through   the  suporhoater  drain  valvo  and 

u    druin  valve  at    th<>  nonreturn  valve.      Lf  boiler  is   loriin^^  pressure  at   a  rate 
la^^tcr  than  required,    throttle  drain  valves  a«  necessary. 

'valve?"  ''''  l^<^iler  pressure  starts  dropping,    cioso    the  steam  stop  and  nonreturn 

»Vhen  the  boiler  no  longer  requires  any  feed  and  the  nonreturn  valve  is  closed,  open 
the  valve   in   the   recirculating  connection  ol'  the  econoraiz.er.  ^lo^ca,  op^u 

When   the  drum  pressure  drops  to  15  psi^.   open  the  drum  vent  valves. 

U  u  regeiit^Tat  Lve  uir  heater  is  provided,  stop  the  rotor  when  the  bi^iU^v  exit  i^as 
temperature  drops   to  :^00*'F.  ^  bu-o 

Close   Ceedwater  stop  and  check  valve. 

The  boiler  can  be  drained  when  the  furnace  has  cooled  sufficiently   for  a  man  to 
sal^jly  enter  and  remain   in  the  furnance.      At   this  time,    the  temperature  of  the 
water  in  the  boiler  will   be  below  200**?. 

Access  and  observation  doors  to  the   furnace  and  gas  passages  can  be  opened  at  this 
time.      lag  all   controls.     Tag  valves  and  open  drains  or  blowdown   valves  connected 
with  similar  parts  of  the  other  units  under  pressure  at  the  time   to  prevent  steam 
or  hot  water   from  accidently  entering   the  unit.      Permit  authorized  persons  only  to 
rt.-movc»   the  tags. 

Uraining  and   flushing  a  Boiler 

nrainihg.     oncc^   t  ht/  boiler  has  bet^n  shut   down,    it    must   be  drained   belort.  onterint-. 
however,   a  ooiler  must   never  be  drained  until   the  water   temperature   is  below  l^OOM-'. 
Ihis  precaution  prevents  baking  the  scale  on  the  tubes  and  protects  against    leakage  at 
seams  or  expanded  joints. 

Flushing:      Immediately  after  draining,   wash   interior  thoroughly   to  prevent  sludge 
deposits  on  internal   surfaces  and  remove  all  suspended  solids,    sediment,    and  loose 
scale.      Wtien   the  boiler  has  been  drained,    close  all  blowoff  valves   to  prevent  entrance 
Of   hot  water  ana  steam  it  other  boilers  can  be  blown  down  into  the  same  blowoff  system. 

Clean  and   Inspect  Boiler  Interior 

Proceed  as  follows: 

Remove  manhole  and  handhole  covers  and  ventilate   the  boiler  before  sending  a  man 
inside.     Be  sure  to  inform  the  persons  concerned   that    the  work   is  being  done. 

Station  a  man  outside  the  access  point   to  keep  in  communication  with  the  men 
1 ns ide . 

Use  low  voltage   lamps,    provided  with  suitable  guards,   when   inside  the  boiler.  Even 
110  volts  c;an  be   lethal   under  the   low  resistance  conditions  found   inside  a  boiler. 
Therefore,    all   portable  electrical  equipment  must   be  grounded  and  adequately 
insulated.      Use  extension  cords  that  are  designed  for  rough  usage,    keep   them  in 
good  condition. 

Look  for  signs  of  scale,  oil.  corrosion,  abnormal  wear,  and  abrasion  of  pressure  * 
parts.  ^ 

Check  condition  of  drum  internals,   feed  connections,   drains,    blowdown  connections, 
et  c  - 


Check  connections  to  water  column,   gauge  glass,    and  steam  pressure  gauge. 


7.       Check  tube  ends  for  corrosion  and   leakage.      If   leaks  are  found,    try  re-expanding. 
If   the  tube  has  been  rolled  too  thin  or  is  in  bad  condition,    replace  it. 

B.        Clean   t  ht^  unit  as   retiuirea  before  returning   it   to  fc:ervice.      Use  electric,    air.  or 
water-driven  turbine  cleaners  or  chemicals. 
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Cleaning  Tubuts  Mechanically 

Cl<?aning  Tubeti,     You  ..an  cl<?an   lubes  mechanical  ly  or  chemical,  ly.     Dil  lorent  types' 
ot  mechanical   cleaners  have  been  developed.     la  general,    t h(^y  consist   oV  a  motor-driven 
flexible  shait  with  a  rotor,    brush,   or  expanding  clt.aner.     The  motor,   actuated   by  air, 
water,   or  electric  power,   drives  revolving  brushe.s .   cuttert^,   or   to**  heads   liirouKh  the 
tubes  to  dislodge  scale  or  other  deposits.      Figure  2-1   iiluHtrates  the  dilt'erent  types 
of  tube  cleaners, 

When  using  a  laechanical   cleaner,   move  it   at   a  uniform  rate  and   never  operate  it 
continuously   in  the  same  position.      If   you  don't,    the  inner  .surface  ot    the  tube  may  be 
ground  away.      With  a  water  hose,    wash  down  the  loosened  deposits   to  the  lower  cleanout 
points  of   the  boiler  and   remove  them.     Finally,    thoroughly  clean   the  mud  drums,  steam 
drums,    and  header^. 


EXPANDING  CLI^ANER 


in   t  hrt\bT'"''Jass'ft''irow?v\f;i  same  way .     Start  the  cleaner  rotating  and  insert  it 

111   i  tH.  tuDC.      pafafc,  it   slowly  along  until  it  comes  out  the  other  end  of  the  i  ubu 

irhd'ti"  J  '%Z^t   :t^,^'H'"'i°"  ba?rthroSgh°Jhr?ube  uiid 

n.bo      Ai  -^K  l^t  cleaner  at  any  point  in  the  tube  as  it  may  cut  through  the 

tubo.     Also  bo  carelul  not  to  extend  the  cleaner  too  far  out  at  the  end  of  th"  JUbe. 

strone*nTI^  ""^l  l""^"^'    ^"11°"  "P  by  blowing  them  out  thoroughly  with  a 

^tiong  air  jet.     Then  inspect   to  see  if  replacement  of  any  of  the  tubes  is  necessary. 

Chemleiiily  Cleaning  Boilers 

General.      boiling  out  removes  grease,   oil,   dirt,   and  protective  coatings  from 
un     s   >  iT  surfaces.     Chemicals  are  generally  used  to  clean  new!y  ejected  bofler 

units,  and  others  which  have  been  extensively  repaired  or  retubed. 

clean?ni^in?i^n\o^'l*"'"^"     '^^*''"f  ^^t  "^"^  different  mixtures  which  provide  enough 
cleaning  action  to  do  u  good  job.     The  following  combinations  are  among  the  most  common 


ones : 


^^^S^'J^!-^'"'  ^'''i\\mm^^^  pounds  of  trisodium  phosphate  and  2.5  pounds  of  caustic 

soda  for  every  1 ,  OUU  pounds  of  water  needed  for  normal   operation.  oaus^iic 

^'       V''ooo''n^';''H  ^^"^  ^-O^POunds  Of  caustic  soda  and  3.0  pounds  of  soda  ash  per 

1,000  pounds  of   wat«-r  needed  for  normal  operation. 

lioiJing  Out  Procedure:     Some  boiler  manufacturers  supply  specific  instructions  for 
boiling  out.      The«e  should  be  followed.     For  ether  units,   proceed  as  follows: 

¥hL"!'r'/^'''  regular  water  gauge  glasses  and  install  special  glasses  and  gaskets. 
These  are  usually  furnished  by  the  water  column  manufacturer  for  boiling  out 
purposes.     Uegular  water  glasses  could  be  damaged  in  the  boiling  out  process. 

2.       Thoroughly  di^^solve  the  chemical   in  lukewarm  water.      Use  protective  goggles 

gloves,  and  clothing,  since  the  chemicals  and  the  solution  are  strongly  alkaline 
and  must  be  handled  carefully.  Have  plenty  of  fresh  water  available  for  washing 
purposes  il  required.  ^ 

Keed  normal  boiler  feedwater  into  the  boiler  until  it   shows  in  the  gauge  glass. 

l>our  tlH^  chemical  solutione  into  the  boiler  drum  through  a  manhole  or  an  opening  in 
rf.e   top  of   the  drum.     An  alternate  procedure  uses  the  chemical   feed  pumps  and 
tanks.      Atter  pumping  the  chemical   solutions,   flush  the  system  with  boiler 
leedwater   to  make  sure  that  the  piping  and  pumps  are  free  from  deposits. 

Feed  water  to  the  boiler  up  to  the  centerline  of  the  water  gauge  glass. 

With  all  drum  and  superheater  vents  wide  open,   slowly  heat   the  boiler  water  to 
steaming  temperature  (212**F). 

In  superheatei    installations,    close  all  drum  vents  at  this  point,    leaving  the 
superheater  outlet   header  vent  open. 


a, 

4, 


5  . 
G. 

7. 


b.        if   there  is  no  superheater,    leave  only  one  drum  vent  open. 


10. 


11 


Slowly   raise  the  boiler  pressure  to  boiling  out  pressure   (50  percent  or  normal 
operating  pressure,   unless  otherwise  recommended  by  the  boiler  manufacturer.) 

blow  down  the  boiler  once  every  four  hours  using  all  main  blowdown  outlets  evenly. 
The  amount  of  blow  down  should  be  equivalent  to  a  drop  of  one-half  a  water  gauge 
glass  for  each  blowdown  operation.     After  individual  valves  are  blown,    feed  water 
to  the  boiler  to  keep  the  water   level  within  safe  limits.     When  the  blov,  Jown  is 
completed,   bring  the  water  level  back  to  normal  and  add  chemicals,    if  required  to 
re-establish  the  concentration  at   recommended  levels. 

A  boiling  out  period  of  48  hours  is  usually  sufficient   for  a  medium  sized  unit. 
Take  a  sample  of  the  blowdown  water  at  the  end  of  this  period  to  determine  by  its 
condition  whether  the  boiling  out  should  continue.     If  the  blowdown  water  is 
clean,   end  the  boiling  out. 
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12.      Lut    the  unit   cool   slowly  until   it   can   be  drained  .saT'-^ly.     Tlien  drain;    roi'ill  it 
with  clean  water  and  drain  again. 


13.  Open  manholes  and  handuoles  and  wash  down  drums  and  tubes  with  a  water  hose. 

14.  Maki*  a  oar<»ful    Internal    inspwctlon.      It  boiler  still    looks  lUrty,    repi-ut  \ht: 
boiling  out  process. 

lb.     After  boiling  out  and  flushing  the  boiler  clean,    replace  the  temporary  water  yaugt 
glasses  and  gaskets  witb   permanent  regular  equipment. 

llandholes  and  Manholes 

iiandholes  and  manholes  allow  access  to  the  watersides  ot  a  boiler  lor  cleaning  and 
inspection.     While  a  boiler  is  shut  down   for  cleaning  and  repairs,    the  handholes  and 
manholes  should  be  carefully  cleaned  where  the  surface  of  the  gaskets  come  in  contact 
with  the  boiler  surface  as  this  will  quickly  damage  the  handholes  and  manholes  beyond 
use  If  they  are  not  kept  clean.     Do  not  forget  to  clean  the  Inside  surface  of  the  boiler 
where  tho  gasket  makes  a  seal  as  this  often  becomes  very  pitted  with  corrosion.     Use  new 
gaskets  when  securing  boiler- 

INSPECTION  FOR   INTERNAL  CORROSION 

While  the  boiler  Is  open  for  cleaning,    one   Important  item  t  tiat    should  be  checked 
for  is  corrosion  of  the  boiler  tubes  and   Internal   boiler  surfaces. 

Corrosion   in   the  boiler  Is  caused  by  oxygen.     Oxygen  corrosion   is  the  most  common 
form  of  waterside  corrosion.     Oxygen  corrosion  causes  the  metal  and   the  tubes  to  become 
pitted.     This  Is  known  as  oxygen  pitting. 

Inspection  procedures  will  be  done  whenever  waterside  is  opened   for  cleaning,  usin^^ 
a  flashlight.     Report  excessive  amounts  of  oxygen  pitting  to  your  supervisor  i'or 
corrective  procedures, 

BOILER  INSPECTIONS 

Before  boilers  are  Inspected,   clean   fireside,  waterside,   insure  refractory  and 
pressure  part  repairs  have  been  completed. 

Inspection  Standards 

Qualified  boiler   Inspectors  will   Inspect  boilers,    accessories,    and  piping  to 
determine  tha  condition  of  the  boilers  and  safety  devices  and  to  determine  that  boilers 
and  safety  devices  are  suitable  for  safe  operation.      Inspections  will  conform  to  the 
procedures  set   forth   In  the   ^ atest  edition  of  the  National  Board  Inspection  Code 
published  by  the  National  Board  of  Boiler  and  Pressure  Vessel   inspectors,   t\>lumbus,  Ohio 
(Cost  J^l.OU). 

NOTE  :  When  the^  United  States  has  so  le  jurisdiction  oyer  1  e a sed  _ f  a c i  1 t  i  e s  ,    t  h c •  s .  • 

1  nstructions  supersede  any  existing    state  or  municipal   co"3es  governin];  bo^Te r" 
Inspect  ion .  * 

What  Equipment  Will   be  Inspected 

MANDATORY  INSPECTION.      Steam  boilers  operating  above  15  psi   and   high  temperature 
hot  water  heating  boilers  operating  above  160  pslg  will   be  Inspected  as  prescribed  by 
this  section.      Inspection  of  high  temperature  hot  water  boilers   (not   domestic  water 
heaters)   Includes   Inspection  of  the  expansion  drum  as  well  as  the  water  tubes*  headers, 
furnace  and  safety  devices. 

Obtaining  Inspection  Service 

1.       The  Defense  Supply  Agency,  Defense  Contract  Services  District,  administers 

contracts  each  year  for  the  services  of  a  qualified  company   to  provide  boiler 
inspections  at  all  Air  Force  bases  within  the  Continental   Unit   d  States  (excluding; 
Alaska  and  Hawaii).     For  many  yeart ,   the  Hartford  Steam  Boiler     nspection  and 
Insurance  Company,   Hartford,   Connecticut,   has  provided  this  service. 
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2.  Special   Inspections  (outside  the  scope  of  the  contract   required  by  these 
Instructions  are  considered  necessary  by  major  commands  or  base  civil  engineers) 
may  be  arranged  through  the  Defense  Supply  Agency,   Defense  Contract  Administration 
Services  District,   Cincinnati,  Ohio. 

3.  U*  the  company  under  contract  to  furnish  boiler  inspection  service  cannot  make  a 
special  or  emergency  inspection,   the  base  civil  engineer  may  hire  a  recognized 
Insurance  company  or  a  boiler  inspection  agency  that  specializes  in  such  work.  (An 
Installation  employee  may  not  make  such  special  inspections.) 

4.  The  contract  will  provide  the  following  five  types  of  inspections  when  they  are 
included  in  the  annual  schedule  submitted  by  the  major  command. 

a.  Type  "A" — Internal  and  external  inspection. 

b.  Type  "li" — Internal  and  external  inspection,    followed  or  preceded   by  external 
inspection  while  boiler  is  under  hydrostatic  test. 

c.  Type  "C" — External   inspection  while  under  steam  pressure  or  filled  with  water. 
(Boiler  will  be  under  pressure  for  this  inspection.) 

d.  Type  "D" — External   inspection  while  under  hydrostatic  test. 

e.  Type  "E" — Internal  and  external  inspection  of  expansion  tanks  used  with  high 
temperature  water  boilers. 

G.       Overseas  and  other  off-continent  coL?mands  are  authorized  to  employ  qualified  and 

competent  boiler  inspectors  to  perform  the  inspections.     These  inspectors  will  not 
be  supervised  by  personnel  at  base  level.     They  will  prepare  AF  Form  1222,  "Boiler 
Inspection  Heport ,     on  each  boiler  inspected  and  submit  it  to  the  Director  of  Civil 
Engineering  of  the  appropriate  major  command.     Detailed  comments  on  these  reports 
will  be  made  by  an  attached  memorandum. 

The  boiler  inspector  will  make  the  types  of  inspections  requested  in  the  annual 
schedule  submitted  by  the  major  command  to  the  Defense  Supply  Agency,   Defense  Contract 
Administration  Services  District,   Cincinnati.      If  an  inspector  determines  that  an 
additional  inspection  is  necesary ,   the  base  civ.il  engineer  will  authorize  him  to  perform 
it  before  he  leaves  the  base.     Howev^er,   such  additional  inspection  will  not  constitute 
authority  to  delete  subsequent  scheduled  inspections.     The  following   inspections  are 
required  as  a  minimum. 

1.  Steam  boilers  assembled  on  the  site  require  a  type  "B'*  inspection  before  they  are 
placed  in  initial  operation. 

2.  steum  boilers  assembled         place  of  manufacture  and  stamped  with  approval  of  a 
qualilied  inspection  agency, (such  as  the  Hartford  Steam  Boiler  Inspection  and 
Insurance  Company):   a  type  "B"  inspection,   after  manufacture  and  before  being 
placed   In  initial  operation. 

3.  All  Steam  Boilers:     Twice  annually  a  type  "A"   inspection  first  and  approximately 
six  months  later,   a  type  "C"  inspection. 

4.  Steam  boilers  in  questionable  condition;   used  boilers  reinstalled,   boilers  which 
have  had  major  repairs,   recommended  by  the  boiler  inspector  or  required  by  the  base 
civil  engineer:     a  type  "B*'  inspection  before  being  placed  in  service. 

5.  New  HTW   (High  Temperature  Water)   boiler  installations:     a  type  "B**  inspection 
before  operation . 

6.  Other  HTW  boilers:     a  type  "A''  inspection  annually. 

7.  Expansion  tanks:     a  type  "E**  inspection  annually. 

Boilers  out  of  operation  indefinitely  need  not  be  inspected  by  the  inspecting 

agency.     However,   they  should  be  inspected  annually  by  base  civil  engineer  personnel  to 

evaluate  visible  deterioration  and  renew  protection  against  corrosion,   if  necessary. 

Also,   a  boiler  that  has  missed  an  inspection  period  must  be  given  the  appropriate 
inspection  before  it  is  placed  in  operation  again. 
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The  hydrost   txc  pressure  used  during  a  type  "B"  or  type  "b"    inspection  will    be  oni; 
and  one- halt'  times  the  pressure  settii-:  of  the  sal'ety  valves.      It  the  sai'ely  valve 
setting  has  been  lowered,   it   will  not  be  raised  without  the  approval  of  the  boiler 
inspector.     Boiler  inspectors  will   insure  that  the  boiler,    accessories,   and  adjacent 
piping  are   In  condition  to  be  operat'  «i  at  prci.osures  up  to   the  safety   valve  setting. 

liijl'ore   leaving  the  base,   the   inspector  v/ill  orally  report  any  suriuus  dul«.M:tfi  lo 
the  base  civil  engineer  (or  his  represeati  t i^e) .     Boilers   founci  to  be  in  dant;eroui5 
condition  will  not  be  operated  until  repairea. 

Hydrostatic  Test 

A  hydrostatic  test   is  a  water  pi'essui^e   test  to  prove   the  strength  and   tightness  oi 
a  boiler. 

After  repairs  are  made,   a  hydrostatic  test  is  performed  on  the  boiler  to  check  lor 
leaks  around  rolled  and  beaded  areas.     Should  any  leaks  be  found,    reroll  tube  or  tubes 
that  are  leaking  making  sure  not  to  overroll. 

NOTE:      Hydrostatic  pressures  are  1  1/2  times  the  safety  valve  setting. 

The  boiler  is  the  principal  and  most  costly  unit  in  a  central  boiler  plant. 
Preventive  maintenance  of  the  unit  represent  the  difference  between  a  norma]    useful  Ife 
of  fifty  years  or  a  short   life  with  much  time  lost  for  repair  and  pc:J3ible  injury  to 
operating  personnel . 

All  boilers  have  general  characteristics  and  need  similar  care.     General   care  of 
the  boilers  follows  two  rules:     stop  leaks  and  keep  the  boiler  clean.     One  oi  the  boiUr 
inspections  required  to  determine  its  condition  is  the  hydrostatic  pressure   test.  This 
study  guide  will  provide  you  pertinent  information  regarding  this  test  under  the 
following  main  topics: 

NOTfc) :     These  preparations  must  be  made  before  the  boiler  inspector  arrive^s  on  the 
base . 

1.  Provide  a  hand  pump  for  the  hydrostatic  pressure  test   if  the  boiler  feed  pump  will 
not  deliver  one  and  one-half  times  the  pressure  at  which  any  safety  valve   is  set. 

2.  Make  sure  that  Fire  Surfaces  of  Boilers  are  reasonably  clean.     Use  a  tube  brush  to 
rismove  soot   from  tubes,   and  a  wire  brush  to  remove  soot   from  the  tube:  sheets  and 
firebox.      If  the  installation  burns  coal,   remove  the  grate  bars  and  clean  the 
firebox  plates  along  the  grate   line  until  the  bare  metal  is  exposed.     Take  care  not 
to  damage  metal  with  sharp  tools. 

3.  t^rovide  gags  to  prevent  safety  valves  from  lifting  when  hydrostatic  pressure  is 
applied.      IT  hydrostatic  pressure  tests  on  more  than  one  boiler  are  contemplated, 
provide  sufficient  gags  for  all   safety  valves  of  the  boilers  to  be  tested. 

4.  Permit   boilers  taken  off  line  for  inspection  purposes  (including  firebox  and 
settings)   to  cool  before  they  are  drained.      Immediately  after  draining,   wash  them 
thoroughly  on  the  inside  to  prevent  sludge  deposits  on  internal  surfaces,  and 
remove  all  suspended  solids,   sediment,   and  loose  scale. 

5.  Fill  boilers  scheduled  for  hydrostatic  pressure  test  with  water  at  a  temperature 
between  70**  and  lOO'F;  apply  a  preliminary  pressure  of  15  to  20  pounds  less  than 
working  pressure,   to  insure  that  all  test  equipment   is  in  proper  working  condition. 

6.  If  the  boiler  to  be  tested  is  on  a  common  header  with  a  second  boiler  and  the 
latter  is  to  be  kept  in  operation  throughout  the  test .   equip  the  steam  pipe  between 
the  two  boilers  with  two  valves  a*'d  a  drain  or  a  blind  joint. 

7.  Have  available  a  supply  of  gaskets  for  manholes  and  handholes,   and  suitable 
wrenches  for  removing  manhole  and  hundhole  covers. 

B.       Replace  damaged  and  Improper  fusibli:  plugs. 
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9. 


II'  insulation  conceals  manufacturer  *  s  inscribed  data ,  remove  the  laggini^  und  c'.oun 
the  surface  caref »iTy  so  tfiat  die-cut   letters  and  figures  can  be  read  easily. 


10.     Assign  a  qualified  boiler  plant  operator  to  assist  the  inspector  through  the  <e&ts. 

^  ^ •      ^  ^  boiler  gauges  and  controls  are  not  designed  for  a  pressure  equal  to  the  pressure 
proposed  tests .   remove  them  and  plug   the  openings ,   unless  cutoTT*  vaTvoy~irrTr 
presen  t' r' 

BOILEK  TUBK  REPAIR 

There  are  times  when  the  boiler  tubes  must  have  some  kind  of  repair  work  performed 
on  them.     The  repair  work  is  classified  either  as  minor  or  major,   each  one  will  be 
covered . 

Minor  Tube  Repair 

Minor  tube  repair  consists  of  rerolling  a   leaking  tube  using  a  tube  expander.  If 
rerolling  a  boiler  tube  does  not  stop  the   leak  then  welding  a  fire  tube  can  be  employed 
to  stop  the  leak,   or  to  prevent  damage  to  the  tube.      In  a  water  tube,   the  tube  can  be 
plugged  usin;;  a  plug  made  of  brass  or  steel.     This  method  should   not  be  used  for 
extended  periods  of  times. 

Major  Tube  Repair 

Major  tube  repair  consists  of  removing  and  replacing  a  tube  or  tubes. 
tJUMMARY 

Before  performing  waterside  maintenance  be  sure  to  chain  and  tag  stop  valves,  feed 
valves  and  biowdown  valves  in  the  closed  position  and  electrical   switches  in   1 ne  open 
pos  i  t  ion - 

lioiiers  should  hold  a  hydrostatic  test  of  1  1/2  times  the  safety  valve  setting. 

Qualified  boiler  inspectors  will  inspect  boilers,   accc  ;sories  and  piping  to 
determine  the  condition  of  the  boilers  and  safety  devices  and  to  determine   that   they  are 
suitable  for  safe  operation. 

All  steam  boilers  operating  above  15  psi  will  be  Inspected   twice  annually;  a  type 
"A"  inspection  first  and  approximately  six  months  later,   a  type   "C"  inspection. 

yUKyTI(3NS 

1,       What  safety   precautions  are  observed  prior  to  entering  pressure  parts  of  boilers? 


What  are  the  methods  of  cleaning  water  tubes  in  the  boiler? 


3.       Whicii  boilers  must  have  official  inspections? 


4.       What  are  the  five  types  of  boiier  inspections? 


5.       What  is  the  frequency  of  inspection  for  high  pressure  steam  boiler? 


6.       What  pressure  is  used  for  the  hydrostatic  test? 


EKLC 


2-S 

765 


7.  How  often  is  the  boiler  blown  down  during  the  boiling  out  process? 

B.  Why  must  scale  be  removed  from  boiler  tubes? 

9.  Wliat  is  the  purpose  oi'  handholes  and  manholes? 

10.  When  inside  the  drums  what  do  you  look  for? 

RliFhIHKNCfcIS 

1.  AFM  85-12,  Vol  I,   Operation  and  Maintenance  of  Central  Heating  Plants  and 
Distribution  Systems . 

2.  AFH  91-7,  Heating. 
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boiler  lay  up 

ubjkctjvl: 

Given  «tudy  guide  and  workbook,    answer  questions  about   boilor   lay  up  got  I  Lni^  80%  ol 
the  questions  correct. 

INTHODUCTION 

Idle  boilers  can  be  protected   from  corrosion  by  boiler   lay  up.      Idle  boilers  can  be 
laid  up  by  the  dry  storage  or  the  wet  storage  method. 

INFORMATION 

DRY  STORAGE 

This  method   is  preferred   for  prolonged  outages  (for  more  than  30  days)   and  freei'.ing 
temperatures.      Proceed  as  follows: 

1.  Thoroughly  clean  and  dry  unit,   externally  and  internally.      Place  wooden  trays  of 
quicklime   (2  pounds  per  1000-gallon  boiler  capacity)    inside  the  drums.      In  moiHl 
atmospheres,    it  is  wise  to  place  the  trays  in  the  furnace  also.     Silica  gel  (10 
pounds  per  iOOO-gallon  boiler  capacity)  may  be  substituted    for  the  quicklime  to 
absorb  moisture  from  the  air.      Fill  trays  only  about  3/4  full-      This  will  prevent 
overflow  of   liquid  after  moisture  has  been  absorbed. 

2.  Tightly  close  all  manholes,   handholes,   access  doors,    and  observation  doors.  See 
that  all  connections   to  the  boiler  are  tightly  blanketed   to  prevent  entrance 
moisture  from  any  source. 

3.  inspect    the  unit  monthly  to  be  sure  protection  is  efftctive. 

4.  Replace  the  absorbent  material  as  required. 

WET  STORAGE 

This  method   is  preferred   for  boilers  which  are  in  standby   condition   I'or  short 
periods  of   time   (not  more  than  30  days),   and  may  be  needed   lor  service  on  short  notice. 
Do  not   use   it   if  freezing  temperatures  can  be  expected.     Use  the  tol lowing  procedure: 

1.  Close  the  boiler  when  it   is  clean  and  empty,   and  fill  with  water  until   it  overflows 
through  the  drum  vent,   or  through  the  superheater  vent   in  superheater  Installa- 
tions.    While  the  boiler  is  being  filled,   continuously    leed  caustic  soda  and  sodium 
sulfite  into  it.      If  this  is  not  pos!;ible,   use  a  circulating  pump  to  uniformly 
distribute  chemically  treated  water     hroughout   the  boiler. 

2.  Maintain  boiler  water  concentration  of  200-450  parts  pel    million   (PPM)   i>f  caustic 
soda  and  about  100-200  PPM  of  sodium  sulfite. 

3.  After  shutting  off  the  overflow  from  the  vent,   maintain  a  water  pressure   in  the 
boiler  of  10  to  15  psig  during  storage. 

4.  Weekly,   analyze  water  samples  to  find  if  required  water  concentration  Is 
maintained.      If  the  causticity  or  sulfite  has  dropped  below  minimum  Icrvels,  toed 
additional   chemicals  and  circulate  the  boiler  water   to  distribute   it  uniformly- 

5.  Before  the  boiler  can  be  put   back  into  service,    the  chemical  dosage  must   be  reduced 
to  normal   operating  levels. 
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SUMMARY 

Wo  havo  studied  the  different  ways  to  lay  up  an  idle  boiler.      Preventing  corrosion 
of   idle  boilers  is  a  very  important  part  of  maintaining  boilers  used  by  the  Air  Force. 

QUKSTIONS 

I.       What   is  the  purpose  of  boiler  lay  up? 


What  are  the  two  methods  of  boiler  lay  up? 


3.       What  chemicals  are  used  in  the  wet  method? 


4.        What   is  used   in  the  dry  method  of  boiler   lay  up? 


Tj.       What   do   the  chemicals  used  in  the  dry  method  do? 
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wSTEAM  DISTHIBUTION  SYSTliMS 
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Uiven   information  und  with  team  member,   maintain  steam  pressure   using  st* am 
distribution  system  with   instructor  assistance. 

Given  study  j^uide  and  workbook,    answer  questions  about   distribution  system  and 
conducts  getting  80%  of  questions  correct. 

Given  study  guide  and  workbook,    answer  questions  about   installation  and  maintenance 
of  converters  getting  80%  of  questions  correct. 

Given  procedures  and  with  team  member,  perform  maintenance  on  ssteam  distribution 
system  with  instructor  assistance. 

Given  procedures  and  wxth  team  member,    replace  insulation  on  steam  d i wt r iba r i on 
system  with   Instructor  assistance. 

INTRODUCTION 

A  heating  specialist   must   know  more  than  how  to  operate  and  maintain  a  boiler. 
Once  he  has  generated  the  steam  he  must  know  what   to  do  with   it.     He  is  also  responsibU- 
for  maintaining  the  steam  system, 

Each  heating  specialist  should  become  thoroughly  acquainted  with  every  detail  of 
tlie  stoau  distribution  system.  He  must  know  the  purpose  and  location  ol  the  reducing 
starions,    expansion  joints,    relief  valves,    strainers,    steam  consumers  and  traps. 

We  will   begin  car  discussion  with  the  different   steam  pressure  ranges  you  will  be 
using , 


Steam  heating  systems  are  classified  according  to  pipe  ar ran^^emen t ,  accossorlos 
used,    method  of   returning   the  condensate  to  the  boiler,    method  ol   expelling  air   i  i  om  the 
system,   or  type  of  control  employed.     The  successful  operation  of  a  steam  heating  system 
consists  of  generating  steam  in  sufficient  quantity  to  equalize  building  heat   losses  at 
a  maximum  efficiency,    expelling  entrapped  air,   and  returning  all   condensate*  to  the 
boiler  rapidly. 

a » earn  cannot   enter  a  space  filled  wi   h  air  or  water  at   a  pn^ssure  <3qua  I    \i,  Wn- 
steam  pressure.      Therefore,    it   is   importa  it   to  eliminate  air  and    to   remove  wat<:r    \  vwv 
the  distribution  system. 

iSteam  has  different   uses  at   different   pre(=;sures  : 

°   Low  Pressure.     Steam  at  pressures  ranging   from  0  to  15  psij^   Vr,   used   for  space 


heating,    cooking,    and  distribution  within  small  buildings- 

High  Pressure  Steam^      Medium  high  pressure  range   (35  to  50  psig)    is   used  lor 
industrial,    hangar,    shop,    and  warehouse  heating,    sterilization;   and  cookint!;* 
High  pressure  staam  greater  than  50  psig  is  used   for   industrial   purposes  and 
outside  distribution.     Steam  at   100  psig  or  higher  is  used   for  distribution 
systems  with  runs  2,000  feet  or  more  in   length.      Figure  4-1    illustrate  s  a 
schematic   flow  diagram  of  a  steam  distribution  system.      In   this  syotem,    steam  is 
generated  at   100  psig   in  a  central   boiler  plant   and   then  distributed   to  d Liferent 
consumers.      The  diagram  shows  high  pressure   (100  psig)   stt^am  being  converted  to 
medium  pressure  (40  psig)   steam  for  use  in  cooking  and  sterilizing  equipment, 
also  shows  steara  being  reduced  to  low  pressure   (5  psig)   steam  for  spac**  h<^itin^f,. 
High  pressure  steam  is  used   directly,   without    reduction,    for  some  industiiaJ 
laundry  equipment . 


INFORMATION 


PRESSURE  RANGES 
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STEAM  FROM  BOILER  PUNT.  PRESSURE  100  PSI 


TO  ATMOSPHERE 


RETURN 
TANK 


LEGEND 

^  GATE  VALVE 
5   RELIEF  VALVE 

PRESSURE  REDUCING  VALVE 
(TJ  TRAP 
]^  HEATER 

II  I    LAUNORV  EQUIPMENT 


I  I 


BOILER  PLANT 


Figure  l-l.    Flow  Diagram  of  a  Steam  Distribution  System 
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Sources*  of  steam 


Ste;i«n  n^jodod   to  heat  a  building  or  perform  somi?   mechanical   work   can   ho  obtaineti 
from  sevocal   sourcesr    including   the  following: 

CENTRATi  HEATING  PLANTS.      For   some   purposes  h  igh-pressuco   ^iteam   from  central  heatinq 
f>lant.s  can  be  us»?d  directly  without  pressure  reduction. 

PRESSURE  REOUCtNG  STA'J'IONS.      Pressure   reducing    statitms   are   usud   whc^i   low  or  meiliu..5 
pressure  steam  is  requiredr    and  a  source  of  high  pressvare   stoam  is  available. 

CON\/EKTERS.     The   use   of   converters  as  a  source   of   st'i.i'u  will   be   discusrsod    in  a 
separate  section- 

L(DW-PKESSURE  HEATING  STEAM  BOILERS.  A  common  source  of  low-pressure  steam  i t  he 
low-pressure  heating   steam  bo^  ?r. 

DISTRIBUTION  SYSTEMS 

For  purposes  of  this  study  guide,  a  steam  distribution  system  consists  oC  all  the 
steam  and  return  piping,  related  facilitiesr  and  equipment  used  to  convey  steam  from  a 
central  steam  generating   plant   to  the  consumers^ 

The  subjects   that  will  be   covered  will  be  as   follows:     pressure  reducing  stationsr 
temperature  regulating   valve,   expansion  joints,    types  of  distribution  system  conduiLsr 
converters,   staam  traps,    condensate  return  systems,   and   insulation  of   steam  distribution 
systems.     A  diagram  of   a  steam  distribution  system  is  shown  in  Figure   4-1.      Each  subject 
will   be  covered   in  separate  sections. 

Pressure  Reducing  Stations 

Whtjn  .st*?am  iH  drawn   trom  a  i\  igh-presure    line   to  hoat   buildintiM  or  wat».t,     >r  lor 
process  work,   reduce   its  pressure   to   the  working   pressure  oC   the   system  with  a  pi:es.-;ju;i: 
reducing  station.     A  pressure  reducing  station  may  consist  of   pressure   t^iiucing  valve^i, 
pressure  regulating   valve,   relief   valve,    strainer  and  auxiliary  valve. 

Pressure  Reducing  Valves 

This  is  the  first  or  primary  valve  of  the  pressure  reducing  station;  its  purpose  is 
to  reduce  the  steam  pressure  below  the  rupture -point  of  the  equipment  served.  It:  can  he 
either  pilot-operated,    r,pr  ing- loac  >  :  or  we  ight-and- lever  operated. 

WEIGHT-AND-LEVER.      Figure   4-2  illustrates   a  we ight-aod-lovor  nragm-operatod 
pre  ss  ure-reduci  ng   valve.     The   low  pressure   side    (controlled  pt^.^ssLte;    is   connecLei  below 
the  diaphragm  by  an  external  balance   line.     The  we  ight-and-lover  operates  be.st  it 
pressures  below   15  psi.  '^,^,^J  ^^^nui 


SPKING-LOADED.     Figure  4-3  illustrates  a  diaphragm-operated  spring- loaded 
pressure-reducing  valve.     The  controller  pressure  is  applied  to  the  top  chamber  over  the 
diaphragm  and  the  diaphragm  movement   is  directly  transmitted  to  the  control  valve 
through   the  valve  stem.      In  operation,   an  increase   in  the  controlled  pressure  pushes  the 
diaphragm  against  the  resistance  of  the  spring.     This  pressure  closes  the  valve  until 
the  controlled  pressure  and  ti^e  spring  force  are  balanced.     The  controlled  pressure  can 
be  adjusted  by  changing   the  spring  compression. 


Figure  4-3.      Spring-Loaded  Pressure-Reducing  Valve 

Pi LOT -OPERATED.      Figure  4-4   illustrates  an   internal   pi iot-operated   valve  with  an 
operating  piston.      It   functions  as  follows; 

1.  The  valve  discharge  pressure  acts  on  the  bottom  of   the  diphragm  and  pushes  it  up 
against   the   force  exerted  by  the  pressure  regulating  spring.     The  diaphragm  finally 
assumes  a  position  dependent  upon  these  two  forces. 

2.  A  spring  holri-       e   pilot   valve  against   the  diaphragm;   therefore,    any   movement  of 
the  diafjIiragVf  .:^.u5res  a  corresponding  movement  of  the  pilot   valve.     ^Jaa  side  of  the 
pilot   valve   is  connected  to  the  supply  pressure;    the  other  side,    t<      he   top  of  the 
operating  piston  which  is  in  permanent  contact   with  the  main  valve 

3.  A  spring  underneath  the  main  valve  holds  it  against  the  operating  piston  at  all 
times,    keeping  the  valve  closed  and  the  operating  piston  up.     When  the  valve   is  in 
equilibrium,    there  is  enough  flow  through  it   to  keep  the  discharge  pressure  at  the 
required  level. 

4.  When  pressure  on  the  discharge  side  drops,  a  corresponding  drop  under  the  diaphragm 
allows  the  spring  to  force  the  diaphragm  down  and  open  the  pilot  valve.  More  fluid 
from  the  supply  side  then  passes  through  the  pilot  valve,  builds  up  pressure  on  top 
of  the  operating  piston,  and  moves  it  down  against  the  spring  compression.  This 
pressure  opens  the  main  valve,  thereby  increasing  the  flow  and  building  up  pressure 
in  the  ais<:hargo  sidtr  until  the  valve  is  again  Ln  (ttju  1 1  ibriurn.  The  ptocedun^  Is 
reversed  when   the  pressure  on  the  discharge  side  increases. 

b .        Ti>  regulate   the  pressure  on  the  discharge  side,    adjust   the  comprf^ssion  of  the 
pressure-regulating  spring. 
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Figure  4-4,      Pilot  Operated  Pressure  Regulator 
Pressure  Regulating  Valve 

Tnis   is  the  secondary  valve   in  a  two-stage  reducing  station,    it   controls  anci 
maintains  the  optimum  pressure  requi red ,    by   the  steam  consuming  tuiui pment •  Pressure 
regulating  valves  are  of  the  same  types  as  reducing  valves, 

oafoty  Valve 

This  valve  protects   low  pressure   linos  and  steam  consuming   equipment   from  over 
prtfSsure,    if  the  pressure-reducing  valve  j'ails. 

Strainer 

Strainers  are   installed  ahead  of   pre::sure  reducing  or  pr*h;ssure   regulating  valves  to 
prevent    the  passage  of   loose  dirt,    rust,    ■  cale  or  otlier    Loose?    tOroi.gn  inatorial  which 
would   interfere  with  the  proper  operation  ol    the  equipment. 

Auxiliary  Valves 

Install   the  isolating  gate  valves  needed   to  remove   pressure   reducing  and  regulating 
valves  from  service.      When  a  continuous  sjpply  of  steam  is   required,    and   in  large 
installations,    install   bypass  valves  around  the  pressure  reducing  and   regulating  valves. 
Use  globe  type  bypass  valves  one-half   the  size  of   the  pressure   reducing  or  regulating 
valve  to  permit  manual  regulation. 

Pressure  Gauges 

Bourdon  tube  steam  gauges  should   be  used   before  and  after  each  pressure  regulator 
valve . 

Instal lation 

When    initial    3tuam  pressure  is  100  psi  or  greater  and   tht^    low  pri.vssun.'   ri;(i u  i  n-ci    i  ; 
psi  <)r   less,    it   is  conimon   practice  to  install   two  stage   reducition,     Tliis  typ*;  o  1 
Installation  reduces  noise  and  cuts  down  wear  ou  the  valve  seats,    sinco  largo  valve 
openings  are  possible.      If  one  stage   is  desired,   a  pilot  controlled  single  seat  valve 

4-5 

773 

ERIC 


will  usually  prove 
is  necessary  since 
be  impractical. 


satisfactory.  If  the  pilot  type  cannot 
the  plain  diaphragm  valve  would  require 


be  used ,    two  stage 
a  diaphragm  area  wh 


reduction 
ich  would 


In  making  a  two  stage  reduction,   allowance  for  increased  volume  of  steam  is  made  by 
increasing  the  pipe  size  of  the  low  pressure  side.     Separating  the  two  valves  by  a 
distance  of  up  to  20  feet  is  recommended  to  reduce  excessive  hunting  action  of  the  first 
valve*     Spring-loaded  valves  are  usual  if  the  reduced  pressure  is  greater  than  15  psi. 
Below  this  figure,    the  weight  and   level   type  gives  good  results. 

Valves  can  be  single  seated,   or  balanced,     Single  seated  valves  are  used  for 
dead-end  service,    where  pressure  must  be  maintained  during  no-flow  period.     This  type  of 
valve  can  be  closed  tightly.     Balanced  valves  require  smaller  forces  to  operate,  because 
the  pressure  acts  on  both  sides  of  the  disk.     They  do  not  close  tightly. 

In  duplex  installations,   two  valves  of  different  sizes  are  installed  in  parallel 
positions.     They  are  adjusted  to  permit  the  smaller  valve  to  handle  the  entire  flow 
until  its  capacity  is  exceeded;   then,   the   large  valve  opens.     Duplex  installations  are 
used  when  wide  variations  in  flow  requirements  are  expected.      In  these  cases,    it   is  not 
practicable  to  use  only   valves   large  enough  to  handle  the  maximum  flow,    because  low--flow 
operation  would  require  only  a  very  slight  movement  of  the  valve  and  wiredrawin-i , 
wearing,   and  valve-seat   cutting  would  occur, 

TEMPERATURE  REGULATING  VALVES 

Temperature  regulating  valves  (figure  4-5 )   consist  basical ly   of  three  el eraents :  a 
temperature  sensing  device  (temperature  bulb),   a  regulating  valve  actuated  by  a  bellows 
to  control  the  passage  of  the  fluid,   and  capillary  tubing  to  connect  the  temi)eral are 
bulb  with  the  bellows.      In  operation,    temperature  changes  at   the  bulb  produce  expansion 
or  contraction  of  the  medium  which  fill   the  system.     These,    in  turn,    cause  expansion  or 
contraction  of   the  bellows,   actuate  the  valve,   and  move  the  valve  stem.     The  expansion 
movement  of  the  bellows  is  opposed  by  an  adjustable  compression  spring  or  a  weighted 
lever  area.     The  control lv*d  temperature  can  be  adjusted  by  changing  the  compression  of 
the  spring  or  the  position  of  the   lever  weight. 


Operational  Preventive  Maintenance 

Only  authorissed  and  trained  personnel  * 
should  repair,    calibrate,    or  adjust  temperature 
controls.     When  steam  flow  is  controlled  by 
temperature  controls,    slowly  warm  up  the  line 
and  drain  the  condensate  before  operating  the 
regulating  valve.     Blow  down  strainers  and 
clean  the  baskets  at   regular  intervals  and 
whenever  necessary  . 


CAPILLARY  TUBE 


BELLOWS  TYPE  DIAPHRAGM 
INSIDE  THIS  COVER 


CAPSULE 

Figure  4-5.     A  Temperature-Regulating 
Valve 
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Preventive  Maintenance  Inspections 


DAILY.     Observe  operation  of  the  control  for  proper  functioning.     Check  leaks- 
Stop  stuffing-box  leaks  as  soon  as  possible. 

YEARLY.     Once  a  year,   or  more  often  if  required,   dismantle  valve  and  control 
mechanism;   clean  components  and  inspect  for  wear,   corrosion,   erosion,   pitting,  deposits, 
leaks  or  other  defects.     Check  settings,   adjustment,   and  control  operation- 

EXPANSION  JOINTS 

Because  of  limitations  of  the  supports,   or  the  space  or  extra  length  of  pipe 
required,   it  is  sometimes  inconvenient  to  compensate  for  expansion  of  a  line  with  the 
special  bends  and  loops  made  for  this  purpose.     As  an  alternative,   expansion  joints  may 
be  used.     The  number  of  expansion  joints  installed  in  a  line  depends  on  the  amount  and 
dim  tion  of  expansion  and  the  amount  of  expansion  permitted  by  each  joint-     Table  1 
✓  t^      -^nnsioa  per  100  feet  for  pipe  o**  various  types  and  at  various  temper  at  ures - 

TABLE   1.      EXPANSION  OF  PIPE  PER  100  FEET  OF 
LENGTH  FOR  TEMPERATURE  SHOWN 


Material 


Temperature 

Degrees  F 

Wrought 

Copper 

Steel 

Iron 

0 

0 

0 

0 

10 

0.075 

0*078 

0.111 

20 

0.149 

0  . 156 

0.  222 

30 

0.224 

0  .  235 

0 .  333 

40 

0.299 

0.313 

0.444 

0.374 

0.391 

0.556 

60 

0.449 

0-470 

0.  668 

70 

0.525 

0.549 

0.780 

80 

0.  601 

0.629 

0.  893 

90 

0.678 

0.709  1 

1 .  006 

100 

0.755 

0.791 

1.119 

110 

0.831 

0.  871 

1-  233 

120 

0.  909 

0.952 

1.346 

130 

0.  987 

1.003 

1.460 

140 

1.066 

1  .  115 

1.575 

150 

1 . 145 

1.198 

1.690 

16U 

1.224 

1.281 

1.  805 

170 

1  .304 

1  .  364 

1.919 

HO 

1.384 

1.447 

2.035 

1 .464 

1  .5:^V' 

2.  152 

1  .545 

1  . 

2.268 

-^0 

1 .  626 

1.  701 

2.  384 

220 

1.708 

1  .786 

2.501 

230 

1  .791 

1.871 

2.618 

240 

1  .872 

1.957 

2.73t> 

250 

1.955 

!  2.044 

2.85  4 

260 

2,038 

2.  130 

2.  971 

270 

2.132 

2.218 

3.089 

280 

2.207 

2.305 

3.208 

290 

2.291 

2.393 

3-327 
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TABLE   1.      EXPANSION  OF  PIPE  PER  100  FEET  OF  ' 
LENGTH  FOR  TEMPERATURE  SHOWN   (Cont ) 


Materia  1 

Temperature 

D*?grees  F 

Wrought 

Steel 

Iron 

Copper 

300 

2.376 

2.481 

3.446 

O  X  u 

^  •  4oU 

Z  »  O  iU 

3 . 565 

320 

2.547 

2.659 

3.685 

330 

2  .  632 

2.748 

3.805 

340 

2.718 

2.  838 

3.926 

350 

2.805 

2.927 

4.050 

«3  DU 

O  .  Ul  / 

4 .  167 

370 

2.  980 

3.  108 

4.289 

380 

3.  069 

3.  199 

4.411 

390 

3.  156 

3.  291 

4.532 

400 

3.245 

3.  383 

4.653 

O  .  OO 

*3 .  4 

4 .  777 

420 

3.423 

3.569 

4.899 

430 

3.513 

3.  662 

5.023 

440 

3.  603 

3.  756 

5.145 

450 

3.695 

3.850 

5.269 

460 

3.  785 

3.  945 

5.394 

470 

3.  874 

4.  040 

5.519 

480 

3.  962 

4.  135 

5.643 

490 

4.  055 

4.  231 

5.767 

500 

4.  148 

4.  327 

5.892 

Slip  Type  Expansion  Joint 

The  slip  type  expansion  joint  consists  of  an  outer  casing  or  body  which  is 
ancliored,   a  sliding  tube  which  fits  into  the  body,   and  a  means  of  preventing  leakage 
between  the  inner  and  outer  sections.     An  example  of  this  type  ol  joint  is  shown  in 
figure  4--6.     This  is  an  example  of  a  double  joint  in  which  a  plastic  type  of  packing  is 
used.     The  plunger  (figure  4-7)   is  backed  out,  packing   is  forced   in  with  a  pressure  gun 
similar  to  that  used  for  greasing  automobiles,  and  the  plungers  are  then  screwed  down. 
This  joint  may  be  applied  with  welded  or  flanged  construction.     Several  types  of  similar 
joints  use  ordinary  braid  packing  adjusted  by  means  of  a  gland.     They  may  be  either  the 
outside  guided  type  or  inside  guided  joints.     The  pipeline  must  be  held  in  alignment  if 
this  type  of  joint  is  to  function  properly.     Expansion  or  contraction  moves  the  inner 
sleeve  in  the  main  anchored  casing  or  body.     Stops  must  be  provided  in  these  joints  to 
prevent  their  pulling  apart. 

Slip  ty»      jo^^^e  mn   r  be  kept       jp^  --*equately  packed,   within  the 

-oper   11-  {  ,   And  thorougaxy  cleaned  lubricated.     Adjust  or  replace 

acking,  ^  quired,  to  prevent  leaks  and  assui  a.  free  working  joint.  Lubricate  every 
six  monti  sing  the  proper  grease  for  the  type  of  joint  and  service  conditions.  Once 

a  year,   cuecii  the  flange-to-flange  distance  of  slip  joints,   first  when  cold  and  then 
when  hot,   to  make  sure  that  travel   is  within  the  limits  shown  in  the  manufacturer's 
data.     A  change  in  slip  travel  usually  indicates  a  shift   in  anchorage  or  pipe  guide. 
Locate  and  correct  the  difficulty.     Also  inspect  annually  for  signs  of  erobion, 
corrosLon,   wear,   deposits,   and  binding.     Repair  or  replace  defective  parte  as  required. 


EKLC 


776 

4-3 


Figure  4-b.      Slip  Type  Expansion  Joint 


DEFLECTOR  VANE 


Figure  4-7,      Slip  Type  Expansion  Joint  with  Plastic  Packing 

4-9  77? 


The  expansion  in  the  bellows  type  of  joint   is  taken  care  of  by  the  flexing  of  a 
metal  bellows.     When  installed  in  the   l:.ne,   the  Joint  consists  oi  a  cormigated 
thin-walled  copper  tube  which   Is  clamped  between   the   flanges   (see  figure  4-8).  The 
rliij^.s  he?p  to  keep  the  corrugations   in  the  joint   under  high  pressures.     This  joint  does 
not   usually  have  a  safety  stop.     Another  type  of  joint    (see  figure  4-9)  uses  a  stainless 
steel  multxdisk  bellows.     This  joint  has  an  internal  sleeve  which  acts  as  a  stop  to 
limit   the  flexing  of  the  disks  and   to   limit   the  maximum  flow  of  steam  through  the 
bellows  if  the  disks  rupture.      Both  these  joints  can  compensate  for  a  small   amount  of 
misalignment,    but   the  pipe  should  be  supported  and  guided   in   such  a  way  that 
mi sa I i    nmen t    is  reduced   to  a  minimum.      It   is  best   that  misalignment  be  prevented 
aitogetner  if  possible. 


C  -K  B  -OH  J  A 


Figure  4-8.     Corrugated  Bellows  Type  Expansion  Valve 

Annually,    check  bellows  joints  for  misalignment,    fatigue,    corrosion,    and  erosion, 
note  the  amount  of  travel   between  cold  and  hot   conditions.      If   the  Jc int   fails,  replace 
the  bellows  section. 

STAINif  jS   STltl  COMf^Rl.SSION 
Mm  riDtSK    RLLl.OWS  LIMir 


Figure  4-9.      Multidisk  Bellows  Type  Expan.sion  Valve 
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L;xpansion  Loops 


The  expansion  loop  offers  the  best  means  for  absorbing  pipeline  expansion  because 
it  requires  no  maintenance  and  will   last  as   long  as  the  pipe   lino.     However,    it   is  not 
always  the  most   economical  means  of  absorbing  expansion,    so  that   its  use  must   be  weighed 
:iKainst    ut  ht?r  types  of  ox  pant,  ion  JointK. 

Types  of  Exterior  Steam  Distribution  SysteTT?s 


The  i»xterior  distribution  system  is  div.ded  into  underground  and  abovet;round 
systems . 


IINUKHGHOUNU  SYSTEMS.     The  major  underground  systems  are  tlie  conduit  and  the 
utilidor  types  of  systems.     These  systems  are  normally  installed  only  in  permanent 
heating   installations  because  of  their  high  cost  of  installation. 

Conduir  Type-      In  the  conduit  type  of  steam  distribution  system,    the  pipe  is 
installed   inside  a  conduit  that   is  buried  below  the  frostline.      The  frostline  is  the 
lowest  depth  that   the  ground  freezes  during  the  coldest  part  of  winter.     The  pipe  used 
for  steam  is  black  steel  pipe. 

The  conduit  and  insulation  serve  to  protect  and  insulate  the  steam  pipe.     One  type 
of  conduit   is  illustrated   in  figure  4-10-     The  conduit  must   be  strong  enough  to 
withstand  the  pressure  of  the  earth  and  the  usual  additional   loads  that  are  imposed  upon 
it. 


Several   types  of  materials  and  various  designs  are  used   in  the  manufacture  of 
conduit.      Common  types  of  conduit  are  constructed  of  masonry  cement,    galvanized  iron, 
and  steel.     The  conduit  is  usually  sealed  with  asphaltic  tar  or  some  other  type  of 
sealer   to  prevent  water  from  getting  into  the  insulation  and  deteriorating  It, 
Insulation  may  be  attached  directly  to  the  pipe,   attached  lo  the  inner  surface  of  the 
conduit,   or   in   loose  form  and  packed  between  the  pipe  and  the  conduit. 


The  bottom  of  the  trench  for  the  conduit  should  be  filled  with  coarse  grave]  or 
broken  rock  to  provide  support  and  adequate  water  drainage.     When  allowed  to  collect, 
the  water  seeps  into  the  conduit  through  porous  openings  in  the  sealer-     This  wets  the 
insulation  and  causes  it  to  lose  much  of  its  insulating  value.      Manholes  are  required  at 
intervals  along  the   line  to  house  the  necessary  valves,   traps,    and  expansion  joints.  A 
typical  manhole  is  illustrated  in  figure  4-11. 

Uttlidor  Type.     The  utilidors  or  tunnels  of  the  utilidor  type  of  system  are 
constructed  o\'   rock  or  r.oncrelo.     The  size  and  shape  of  the  utilidor  usually  depends 
upon  the  number  of  distribution  pipes  to  be  accommodated  and  the  depth  the  utilidor  must 

into  thi:  j^round.     ManhoJes,   sometimes  doors,   are  installed   to  provide  access   to  the 
utilidor  (tunnel).     A  typical  utilidor  is  shown  in  figure  4-12.     The  utilidor  is  usually 
constructed  so  that   the  steam  and  condensate  return   lines  can  be   laid  along  one  side  of 
the  tunnel  on  pipe  hangers  or  anchors.     This  is  usually  done  with  the  type  of  pipe 
hanger  with  rollers  that   provide  for  the  free  movement   required  by   the  expansion  of  the 
pipe  that  occurs.     The  other  side  of  the  utilidor  should  be  a  walkway  that  provides  easy 
access  to  lines  when  you  are  inspecting  and  doing  maintenance. 


Figure  4-12.      A  Typical  Utilidor 

ABUVEGROUND  SYSTEMS.      Aboveground  steam  distribution  systems  are  further  divided 
into  overhead   and  surface  systems. 

Overhead  Distribution  Systems.     Overhead  distribution  systems  are  often  used  in 
temporary   installations,   however,   they  are  sometimes  used  in  permanent  installations. 
The  main  drawback  to  this  type  of  distribution  system  is  the  high  cost  of  maintenance. 
The  overhead  system  is  similar  in  many  respects  to  the  underground  distribution  system. 
They  require  valves,    traps,   provision   for  p '-pe  expansion,   and   insulated  pipes.     The  main 
difference  is  that  the  steam  distribution  and  condensate  return  piping  ere  supported  on 
pipe  hangers  from  poles,   as  illustrated   in  figure  4~13  instead   of  being  buried 
underground . 
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CONDENSATE  PIFE 


INSULATION 


Figure  4-13.     Overhead  Steam  Distrlbut  iun  Sy.stom 


Surface.      In  some  cases,    you  will   find   that   steam  and  condensate    linen  are    laid  m 
a  conduit   along  the  surface  of  the  ground.     These  systems,    however,    are  not   a«  eoinmon  as 
overhead  and  underground  systems.     Surface  systems  require  about    the  same  components  as 
the  overhead  and  the  underground  systems — traps,   valves,   pipe  hanger -5  to  hold   llie  pxpes 
in  place,   and  provision   for  pipe  expansion.      Sometimes  an  expansion   loop,    formed   by  a 
loop  of   pipe,    is  used   instead  of  an  expansion  joint   to  provide   for  pipe  expansion. 

MAlNXliNANCfc:.      The  maintenance   required   for  exterior  distribution   systems  normally 
consist  of  inspecting,    repairing,   and  replacing  insulation,    tvaps,    valves,    pipe  hangers, 
expansion  joints,   eonduit,   utilidors,   and  aluminum  or  galvanized  metal   coverings  used  on 
aboveground  distribution  systemo.     The  maintenance  required  on  conduit   and  utiliUors 
consists  of   keeping  the  materials  of  which   they  are  constructed   from  boint;  damaged  and 
of   Insuring  that  water   is  kept  out  of  the  tunnels  and  pipes.     The  maintenance  required 
on  outside  metal  coverings   is  about    the  same  as  that   for   the  conduit   and  utilidors. 

Inspection  of  Manholes 

Clean  and   inspect   manlioies  ciuarterly   (every  3  months).      <.:iu?ok   root   slab,    Irad-e  uiul 
cover,   walls  and   floor   for  deterioration.     Check  manhole  drain,   sump  pit   atul  sewer 
connection.      Inspect    ladders,   make  sure  that  vents  are  unobst  ru(;t  eii ,    check  condition  of 
conduit   seals,    telltales,   and  drain  plugs. 

Water-tightness  is  an   important   requirement    in  manholes.     Water   is  the  biggest 
problem  with  the  maintaining  of   the  manholes,   as  corrosion  will   be  set    up  very  quickly 
it   water  is  allowed  to  enter  the  manhole. 


A  converter  is  a  shel  1-and-tube  heat   exchanger  which  transfers  heat    from  stcjam  ((;r 
HTW)   to  water.     The  heated  water  is  used  as  the  heating  medium  for  a  hot  water  sysccm. 
The  converter  shell   (of  cast   iron  or  stt-el)   must   be  thick  enough  and  the  tubes  (of 
aumirality  metal,   copper  njckel>   or  cop >er)   adequate   ta  carry   the  required  pressures- 


INSTALLATION  AND  ^lAINTENANCH  OF  CONVEHTKKS 
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rubes  or  cdiIs  are   usually   installed   in  a  horizontal,   multipaf>s  ar ran^^ement  tlmt 
givcis  an  equal   1  low  velocity   through  all  the  tubes.      However,    care  must   be   taken  lo 
prevent   bypassiuj^  or  short-circulating  the  hot  water,    or  straliLyin^;   thv  steam  or  liTW . 
Normally,    tlaukSeU  openirit.s  permit  easy   removal  of  tubes   lor  cleaning  aiui  repair. 

In  steam  converters,    the  shell   or  tank  holds  the  steam  and   I  ho  water   to  be  luxated 
tlows   through  the  tubes.      In  HTW  converters,    the  HTW  usually   Hows  throu^^i  t  hu  tubes  arui 
the  water   to  be  heated  reimiins   in   the  shell  or  tank. 

Accessor! es 

Converters  usually   have  the   following  accessories; 

Cl)      lnl€>t   and  outlet   connections   for  both  primary  and  secondary  mediams. 
{'^)     Adequate  opening   in   the  shell   for  the  control  element. 
{J)      brain   valve   lor   the-?  shell. 

(4)  Keliel   valve   (^pressure  or   temperature  actuated). 

(5)  Tlierinometor , 
App 1 ica  t  Lons 

Kither  UTW  or  stc?it'!j  can   he   used  as   the  heating   medium.      When   steam    is  used. 
cundens!ite   is  removed   tlirough  a  trap,    and  discharged   to  a  condensate   return   system,  a 
hot   well,    a    Hash   tank  or  such.      The  least  desirable  arrangmerit    is   to  discharge  the 
condensate   to  a  sewer. 

THAPa  AND  ISTKAlNfclKb 

iJteam  traps  are  automatic  devices  wti  ich  perform  the  following   tunctions:  Drain 
condensate,    remove  air  and  other   noncondensable  gases,    prevent   the  escape  of  uncondensed 
steam  through  drain  lines. 

Traps  have   the  following  parts;      A  vessel  where  the  condensate  accumulates,  an 
orifice  through  which  the  condensate  discharges,   a  valve  to  close  the  orifice  port; 
mechanisms   to  operate   the  valve;   and   inlet  and  outlet  openings   through  which  condensate 
enters  and   leaves  the   trap  vessel.      Steam  traps  are  classified  according  to  operating 
dev  ice . 


'IMie  rmi.s  t  a  t  i  e.  Trap 

Figure  4-1-1   illustrates  a  thermostatic   trap  operated  by   the  expansion  or 
eontraction  of  bellows  which  are  activated   by  temperature  changes.      The  chamber  inside 
the  bellows   is   filled  with  a   liquid  or  contains  a  small   amount   of  volatile    liquid,  such 
as  alcohol.      The   liquid   expands  or  becomes  a  gas  then  steam  contacts  the  expansive 
eleirent.     The  resultant   pressure  expands  the  element  and  closes   the  valve,  preventing 
the  escape  of  steam.      When  condensate  or  air  contacts  the  element,    it  cools  and 
contracts,    thereby  opening   the  valve  and  permitting   the  condensate  and  air  to  escape. 
The  discharge   from  this  type  of  trap  is  intermittent.      Some  thermostatic   traps  have 
metal  diaphragms  which  function   in  the  same  manner  as  the  bellows.     Thermostatic  traps 
are  widely  used  on  radiators  and  convectors . 
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Kigu  ru   1-14.    Theniiosl  ;il  ic  Trap 

Float   and  Tliorraostat  ic  Trap 

A   combination   iloat   and   thermustatic    trap   (figure  4-15).      The   t  lieiinofci  t  u  I  le  trap 
normally  vents  the  air,    but   it  can  also  discharge  water   if  the  capacity  of   I: he  float 
valve  is  exceeded.     Water  enters  tlie  trap  and  rises  the  float,    carrying  the  vertical 
valve  with  it.      Thi     action  opens  the  valve  and  permits  the  water   to  discharge,   a^s  the 
water   level   in  the  chamber  drops,   the  float  gradually  drops  and  closes  the  valve. 
Normally,   with  a  constant   flow  of  condensate  to  the  trap,    the   level   of  water    in  the  trap 
is  stable  and  the   trap  discharges  water   continuously  at   the  same  rate  a«   the  corHlrMisate 
eaters.      At   low  rates  of   flow  the   level  of  water   in  the  trap  is   low  and  throttling  ot 
the  discharge  causes  the  seats  to  cut  badly,   a  disadvantage  characteristic  ol   ttiis  type 
of   trap.     The  thermostatic  trap  in  the  tOt>  of  the  chamber  remains  closed  as   lon^',  as 
there  is  steam  around  it.     This  trap  can  be  opened   for  inspection  or  repair  without 
disturbing  any  pipe  connections. 


Figure  4-15.     Float  and  Thermostatic  Trap 
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Uuckot   Trap  (Upright) 

Ki  ^!;urus  4-1  iia,    -1-1  lib,    4 -16c,  illustrate 
the  three  phases  ol    upr  U^ht- bucket  trap  opera- 
tion.     In  this  type  of  trap,    the  condensate 
i^nters  the  trap  chiimher  aiui   fills  the  space 
between  the  trap  bucket   and  walls.     When  this 
happens  the  bucket    floats  and  closes  the  valve. 
When  the  condensate  level   rises  above  its  edge, 
the  bucket   fills  and  sinks,   withdrawing  the 
valve  from  the  seat.     Thc?n   the  steam  pressure, 
acting  on  the  condensate   in  the  bucket,  forces 
the  wat«M-   throu^^h    the  discharge  opening.  When 
t  h<^  bucket    is  empty,    it    rises  and  closes  the 
valve.     Then  another  cycile  begins. 


tNlET 
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Figure  4-lt3a.      Uuckut   Trap  with  Trap 


Figure  4~16b.     Bucket  Trap  Discharging 
Water 


F  igure  4-l6o. . 


B'lcktM  'I'rajj  After 
i)  i  scihurgi  ng  Water 
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i  i/,ur<'!^  4-17  aiui  4  - 1 8  show  how   the   invorted   buckot    trap  t)pera1es.      In    this   type  o  i; 
tran,    stijam,   eondiMisa  1 1; .   and  air  entor  under  the  boil  of   mvortiMi   bucket.      The  stt;am 
t'ioars   m  the  bucket  and  closes  the  valve.     The  air  escapes  tlirougU  a  small  vent   iu  top 
of  the  inverted  bticket.      As  condensate  enters  the  trap,   the  bucket   Tails  and  opens  tlie 
valve.     The  condoasate  discharges  tlirough  the  open  valve  until  steam  again  enters  and 
displact^s  thv.  water   In   the  bucket  causing  it   to  rise  and  close  the  valve.      These  traps 
are  suituhli?   lor  draining  c^ondennate   irotn  steam   llne«  or  other  ^.^lu  i  ijnien  t   wh<.?rvi  abnormal 
amounts  ol   air  must   be  discharged- 


Figure  4-17.      Inverted  Bucket  Trap  With  Trap  Figure  4-18.      Inverted  Bucket  Trap 

Closed  Discharging  Water 


Impulse  Trap 

In  the  impulse  trap,    illustrated  by  figure  4-19  the  flashing  action  produced  by  a 
pressure  drop  in  the  hot  condensate  govern  the  movement  of  a  valve  by  changing  the 
pressure  in  a  control   chamber  above  the  valve.      In  operation,   condensate  builds  up 
pressure  below  the  control  disk,    lifting  the  valve   like  a  piston*      Air  and  condensate 
discharge,    and  a  small  portion  of  the  flow  (control  flow)  moves  up  around   the  disk  to 
the   lower  pressure-control   chamber.     The  pressure  in  this  chamber  remains    low  while  the 
control    flow  discharges,    through  the  orifice  in  the  valve  body,    to  the   trap  outlet  sido. 
When  condensate  reaches  near-steam  temperature,   the  reduced  pressure  in  the  control 
chamber  causes  part  of  the  control   flow  to  flash   into  steam.     The   increased   volunu^  Ln 
the  control   cliamber  chokes  off  some  of  tho   flow  through  the  control  orifice   to  build  up 
pressure   In  the  chamber.     The  valve  close j  and  shuts  off  all  discharge  except    the  small 
amount    flowing  through  the  control  orifice.      Impulse  traps  can  be  used  to  drain 
condensate  from  steam  mains,    unit  heaters,    laundry  equipment,    sterilizers,    and  other 
equipment   in  which  pressure  at  the  trap  outlet   is  25  percent  or  less  than  inlet 
pressure . 
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Figure  4-19.      Impu Ise  Trap 

Bimetallic  Trap 

This  trap  operates  by  the  bending  of  a  bimetallic  strip.      This  bimetallic  element 
bends  buck  and   lorth  as  condensate  or  steam  comes  to  the  trap.     As  condensate  cooler 
than  the  steam  comes  to  the  trap,    the  element  bends  one  way  opening  the  valve.     When  hot 
steam  comes  along  the  element  bends  the  opposite  way,    closing  the  valve. 

The  bimetal  element  is  somewhat  similar  to  the  element  that  operates  the  ordinary 
thermostat  except  that  it  is  of  heavier  construction.  In  one  form  of  trap  the  bimetal 
element  is  made  of  a  number  of  laminations  in  ord^r  to  increase  the  force  available  to 
open  and  close  the  valve.      (See  figure  4-20). 


VALVE  CLOSED 


Figure  4-20.     Bimetal  lilement 
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ThormodynamLc  Trap 


Thcr  tht»rmady namic  steam  trap  has  only  one  moving  part,   a  disc  that  cover»s  tho 
discharge*  port  and  operates  as  a  valve   to  control   the  exit  ol   air  and  condensate  from 
the  trap.      Condensate  and/or  pressure   lilts  the  disc  off  the  discharge  port  seat  and 
steam  pressure  forces  the  condensate  and  air  through  the  discharge  port. 

Discharge  continues  until   flashing  condensate  approaches  steam  temperature  when 
high  velocity  jets  of    flash  steam  move   rapidly  across  the   underside  of   the  disc  to 
reduce  the  pressure  underneath  the  disc.     Meanwhile  the  steam  builds  up  pressure  in  the 
control  chamber  above  the  disc  and   forces  the  disc  against   its  seat,    thus  closing  the 
trap. 

I  tistal  lat  ion  and  Maintenance 

Application  of   v he   following  procedures  will  enhance  steam  trap  operation. 

PHiMlNG.      Bucket   traps  require  priming.      Before  starting  operation,    rerr.ove  the  test 
plug  on  top  of  the   trap  and  fill   it  with  water.     Traps  can  also  be  primed   by  opening  t^ie 
steam  supply   valve  slowly  and  keeping  the  trap  discharge  closed   until   it   is   filled  with 
condensate . 

INiiULATlON .      Keep  insulation   in  good  condition  at  all   times.      If  heat  conservation 
is  a  major   item,    insulate  traps  that   are   in  continuous  use.     One  exception  to  this  is 
the  thermostatic  trai>  which  depends  on  the  cooling  effect  of  the  condensate  for 
operation. 

BY-PAJSiS   VAliVKS.      These  valves  are  used  during  start-up  to  accfjlerate   the  dischari^e 
of  condensate  and  air.     fCeep  them  closed  during  normal  operation.      By-passes  are 
sometimes  installed  to  permit  maintenance  of  traps  and  strainers  without  shutting  off 
steam . 

BL0;5f  DOWN.  Blow  down  steam  traps  periodically  to  get  rid  of  dirt  accumulations. 
Do  not  remove  thermostatic  elements  while  they  are  hot,  or  they  may  expand  beyond  the 
stroke  range  of  the  bellows  or  diaphragm. 

AIK  VENTjS  .     Open  the  air  vents  on   float   traps  periodically   to  vent  out  accumulated 

air. 

TUAP  TESTING.     Traps  can  be  tested  without  breaking  the  installation  by  opening 
test   valve  and  closing  discharge  valve.      Intermittent  discharge  dribble,  or 
semi-continuous  discharge  indicate  correct  operation.     A  continuous  steam  blow  indicates 
defective  valve,    loss  of  prime,   or   foreign  matter  on  valve  seat.     A  continuous 
condensate   flow  indicates  that  the  trap  is  too  small,   the  amount   of  condensate  drained 
abnormally   high,   or  the  trap  inlet   pressure  abnormally  low. 

KbPAIUS.     Unci?  a  year,   or  more  often   if   required,    completely  dismantle  and  clean 
all  steam  traps.      Inspect   for  the  followirg:      plugging  of  orifices  and  vents,  corroded, 
eroded,   worn  out,    or  otherwise  defective  parts;  wear,   grooving,    and  wire-drawing  of 
valves  and  seats;   defective  bellows,    buckets  or  floats.     Replace  or  repair  parts  as 
required.      Use  only  matched  sets  of   replacement   valves  and  seats.     Do  not  change  the 
weight  of   floats  or  buckets  when  repairini;  traps,   or  operation  may  be  affected.  After 
repairing  a  trap  it   should  be  checked  using  a  steam  trap  testing  rack. 


The  steam  and  condensate  lines  on  steam  distribution  systems  usually   run  in 
separate  conduits.     Condensate  pumps  normally  return  the  condensate   from  each  building 
or  group  of  buildings  to  the  central  heating  plant.     When  site  contour  and  boiler  plant 
location   in  relation  to  the  buildings  served  are  favorable,   condensate  can  sometimes  be 
returned  by  gravity. 

When  condensate  is  returned  to  the  (Central   heating  plant,    heat   is  saved,   and  boiler 
makeup  water  and  water-treatment  equipment  requirements  and  treatment  costs  are  reduced. 
Condensate  from  pickling  tanks,    electroplating  baths,    degreasing  equipment,  opensteam 
cookers,   and  other  sources  likely  to  produce  contamination's  discharge  it  to  waste. 


CONDENSATE  RETURN  SYSTEMS 
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tiravlty   Kelurn  System 


[n  gravity  return  systems,    the  condensate  returns  to  the  boiler  under  its  own 
hydraulic  head.      Heating  units  must  be  sufficiently  elevated  above  tne  boIle^  waJer  lin.^ 

opo?:t[or"  f'i^.?rj!vl^n°^rr!t"r'  ?^  ^^^T  ^'^'^  ^'^^^  ^^^^^^^^  diffe';en?°a}rduf  %  '""^ 
buildlig         '"ig"**-^  -i--^!  II  List  rates  a  typical  gravity  return  system  lor  a  small 

HAliTFORD  LOOP.      (Figure  4-21)     The  sole  function  of  the  Hartford   loop  is  to  orevent 
•hfloL  backward  flow  into  the  return  mains.      ^he  upp.r  portion  of 

1^^^..,     K         att^^ched  by  a  close  Uipple  to  the  equalizer  connecMon  botwee     the  boiler 
^J^^'".^"'?  '^"^  ""^^  °^PPl^'  connection   is  placed  so  that   ^he  wateJ 

level  m  th«  boiler  cannot  bo  lowered  more  than  from  2  (lor  gravity-return  systems^^o  4 
(lor  pump-return  systems)   inches  below  the  normal  water  lint-  return  systems)   to  4 


Figure  4-21.     Typical  Down-Feed  Two-Pipe  Gravity  System 
Mechanical   Return  of  Condensate 

In  gravity   returns  systems,   all  heating  units  must  be  located  high  enough  above  the 
boiler  waterline  to  produce  a  gravity   flow  of  condensate  toward  the  boiler.     Many  times 
this  condition  cannot   be  met.   and  condensate  must  be  returned  by  mechanical  means.  Two 
methods  tor  mechanically  returned  condensate  are  used;   alternating  return  trap  systems 
and  pumped  returned  systems.  ojroLcmc 

ALTERNATING  RETURN  TRAP  SYSTEM.     Figure  4-22  illustrates  a  two-pipe  vapor 
alternating  return  trap  system.     This  system,   as  its  name  indicates,   alternately  fills 
and  dumps.     It   returns  condensate  to  the  boiler  by  a  mechanical,   alternating  return  trap 
instead  of  gravity.     The  alternating  return  trap  consists  of  a  vessel  with  a  float 
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which,    by    linkages,   controls   two  valves  simultaneously  so  that  one   is  closed  wt\c?n  the 
other   is  open.     One  valve  opens  to  the  atmosphere;   the  other   is  connectea  to  tlie  steam 
header.     The  bottom  of  the  vessel   is  connected   to  the  wet   ret\irn.      In  operation,  when 
the  tloat   is  down,    the  valve  connected  to  the  steam  header  is  closed  and  the  other  is 
open.      As  condensate  returns,    it   goes  through  the   tirsi    chock  valve  and   rises   into  tlu* 
return  trai),   whidi  is  normally    located  IB  inches  above  the  boiler  water  line.      Ihe  Moat 
starts  to   rise  and.   when   the  water   reaches  a  certain    level    in   t  lie   trap,    tho  air  vont 
closes  and  the  steam  valve  opens.     This  equalizes  trap  and  boiler  pressures,  permitting 
the  water  ilow  by  gravity   from  the  trap,   through  the  boiler  check  valve,    into  the 
boiler.     The  float  then   returns  the  trap  to  the  normal   vented  pohMtion,    ready   for  the 
next   flow  of   return  water. 


TRAP 


WATER  FEED 


DRAIN 


RADIATOR 


CM 


d 


RADIATOR  VALVE 


RADIATOR 


RADIATOR 


AIR  VENT 


WATER  LINE  IN  BOILER 


BOILER 
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RETURN  TRAP 


QUICK  AIR  VENT 


CHECK  VALVE 


F&T 
TRAP 


Figure  4-22.      Two-Pipe  Vapo  •  Alternating  Return  Trap  yyst<.>ms 

PUMPED-RETURN  SYtiTKM.      There  are  two  types  of  pumped-ret  ur  n  systems:  the 
condensate  and  the  vacuum.      In  both,    it  is  important   to  obtain  gravity    flow  of  the 
condensate  to  the  pump  inlet  or  to  an  auxiliary  receiver,    so  the  pump  can   force  the 
water  back  to  the  boiler  by  raising  the  condensate  pressure  to  the  proper   level . 

Condensate  Pump-Return  System.      (Fii;ure  4-23).      In  this  system,   a  centrifugal  pum^) 
forces  the  condensate  to  the  boiler  under  atmospheric  or  higher  pressure. 
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Figure  4-23.     Two-Piped  Condensate?  Pump  Return  System 

Figure  4-24  illustrates  a  typical  condensate  pumping  unit,   consisting  of  pump, 
motor,    receiver,    and  float  control.     The  pump  operates  intermittently  under  the  action 
oi  the  float-controlled  switch. 


Figure  4-24 .     Coodensate  Pumping  Un  1 1 
4-22 
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VACUUM  PUMP  KKTURN  SYSTEM.      In   this  system  a  vacuum  pump  creates  a  vacuum  in  the 
return  piping.      Figure  4-25   illustrates  a  two-pipe  vacuum  system.     The  return  outlet  ui 
oach  heatinj^.  unit   in   tliis  system  ia    fitted  with  a   thermostatic   trap  which  allows  both 
air  and  condensate  to  pass  but   cloaes  against   flow.     This  system  may   operate  with  low 
pressures  in  the  supply  main,    but   it   can  also  maintain  a  vacuum  in   the  return  piping  Tor 
all   operating  conditions.      If  a  vacuum  of  3  to  10  inches  is  kept   in   the  return  systenj, 
heating  units  can   till  very   rapidly  at    low  steam  pressures   (0  to  20  psig),    since  air 
removal  does  not  depend  on  steam  pressures. 

The  vacuum  pucnp  performs  the  following  functions:      Withdraws  air  and  wut<.jr    Lr<.)m  the 
system,   .separates  air  from  water,    vents  air  to  the  atmosphere,   and  pumps  conden«ate  back 
to  the  boiler,    feedwater  heater,    or  hot   well.      Usually  the  pump  has  both  a    lloat  switch 
and  vacuum  switch.      In  this  type  ot   system,    be  sure  that  all  connect  ion^i   f  v.Jixx  the  supply 
to  the  return  side  are  made  through  a  trap.     Condensate  temperature  converselv  affects 
the  vacuum  maintained,    the  higher   the   temperature^    the   lower  the  possible  vacuum.  Steam 
leaks   from  the  supply   to  the  return  side  will   increase  the  condensate  temperature  and 
ttiereby  decrease  the  vacuum. 


Figure  4-25.      Two-Pipe  Vacuum  System 

When   fuel  combustion  stops,    condensation  of  the  steam  which  fills  the  unit  can 
cause  an  induced  vacuum  which  may  prevent  drainage  of  condensate   from  the  heating  units 
and  cause  a  serious  deficiency  in  boiler  water  supply.     An  equalizer   line   is  usually 
installed  between   the  supply  main  and  the  return  piping  to  relieve  this  condition.  The 
equalizer   line   shown   in   figure  4-25   includes  a  thermostatic  trap  which   remains  closed 
when  steam  is   flowing,    but  when  the  steam  flow  stops,   opens  to  eiiualize  pressure   In  the 
supply  and  return  mains.     This  permits  tie  condensate  to  flow  back  to  th-e  pump  receiver 
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US.H1   iT^oli'^el^nTL^^'t^l  ''"^n'siJatrllnt  ^-Jh  --stance  to  heat   fiow.      It  i. 

Iho  liitebox  oC  a  furnacS\o  minimizo  Jh^  2^-  brick   xs  the   form  of  insulation  placed  in 
insulation   i.  use.  t^oo.^r   ti^  oJtIi,  el  of  bS^J  s  "f  irn'ace"^^^':^ "  '''''' 
lv.v.t    loss.     Tuhe  insul,-,tion   is  install<.H  nn  ST^^^k  .         f       '  ^^"^  '^^^  Jucts   to  reduce 
.nmount  of  h^at  is  not   lo^?  f^nm  ^     ^       distribution  lines  so  that  an  excf^ssivo 

insul.tion  ifalso  pLS  on  ?:tu^n   UneHo'^thit  ^u''^  ^'^'"^^  '°  radiators, 
it  return,H  to  the  boil4.      Insulation  should  J  %  •          condensate  will  not   freeze  befor.^ 
.uaUty,         ..chanicali,  strong^^^b^ co:^°c;?  and'^r^Ight' in'^welgh^?^^""^'  '^^''^^ 

Of   torZ'iu^^'lt';^^^^^^^  produced   in  a  variety 

is  usually  mixed  with  w^t^r  and  used  to' noi^^^^^     u^"" '  ^'o'-'dered  iuoulation 

valves.     Sheet  insulation  is  used  ?o  cover  ^ ^'^^  "^^Ibows,  and 

th.^  walls  and  ceilings  o?   furnace  rooms       B^ork-     nnT^  f"""  cold-air  ducts,   as  well  as 
often   used   to  insulate   the  outside  surf ^r-^f^f   ^'^  f   ^''^''^   insulation  materials  are  most 
cover  the  warm-air  and   'old-air  ducts  inTw^J  boilers.     Blanket   insulation   is  used  to 
covor   the  cold-  and  hot:water  pipes   in  a  Jtea^;^""  H^f'"'?  ^^••'-'^  "'^"^^ 

insulation    (fabricated   in   tubular  sh^o.^^.       ^  t  ^ot-water  heating   system.  Tube 
Roll   insulaUon,   such  as  asbestos  paSr     is  used  to     ^"^^"^^^f  ^team  and  hot-water  pipes, 
furnace   casings   in  hot-air  heating "^s^lUms!  '°  ^^^^'^^^  ducts  for 

e.uipL^'^^?^\"t;:f  ^n^'CL;?n^rL'L°riiL^^s^^^°"'^°" 't    r  ^-^■^-^ 

fire   felt  are  also  used  to  ii:rt:d^^^eg;e:s1nlirSrre°l;.Erilat!on;  .^'"^^ 
V '-^  of   I n s u  1   t i on 

insulation  to  one  part  of  water     K  ?olSJ  »PPl>c«tion.     Usually  four  farts  „£ 

The  prepared   Insulation   i^  aoolied  to  ortrih^ilj  '     "  "  s'i'^'^y  consistency. 

rr-^^i^tirirjrn""'  ^^^^^^^  '^^^i"^"T.ti^^'^;,^n"  ^ 

;o"J?n'rs".i^ld"?Ln-."ra1i:ie'5  t=-Jly";S^?oS,'.fy".-Lr'e°  ^S'ajL-s-.Jat^:?-  '  ^'^^^ 

rc?:„:^;'n;it2i=oJ'^^iLr;n%;.uf  "  "^"s^v"'ca■;"^e''^^;:d^ 

bon<  r'is  T."'   'l"^   insulation  alone.     The  application  of       Cbed  me  al    [  'a 

IJetlw    tL^iio?raresto./in?pJle^d^:     ^^^^'^  — <^  wU^\.-h;b:d 
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l-'iqure   4-26.     Applying  Ribbed  Metal    to  a  Boiler 


Sevecal  wires   are  pa^5sed   loosely  and   vertically  around   the   boiler   shell    (about   3  0 
inches   apart);   when  the   insulating   blocks   are   sJ ipped   under   the  v/ire   and  positionod  with 
their  ev-^cjes  closely  butted   together.      Application  oT   the   blocks    is   started   ,it   thc^  liott.om 
and   laid  up  on   the  sides.      If   the   blocks  do  not  come  out  evenly  at   the   top,    the  s]yir*>^\ 
are  filled   in  with  small   fitted  pieces  of  block.     After   this   the  wires  are  drawn  ti.qht 
dnd  other  wires  are   then   installed  at  about   6-inch   intervals   until   the   blocKS  are  wired 
securely   in  place.      Three  or   four  more  wires  are  passed   hor i zoii tal ly  around   the  bottom 
of   the   firebox  so  that  they  are   below  tho   rivet  heads  or  other  projections  which  will 
prevent   them   fro?n  slipping  up.      The  wires  are   twisted   into  a   cable  and   thus  drawn 
tightly  arountl   the   firebox.      Several    lacing  wires  can   then   be    run  over  parts   of  the 
boiler  shell  above   the   firebox  and  wired   to  the  cable   around   the   firebox.  SufCicienl 
lacing  wires  should  be  added   to   insure   tl;at  the  blocks   will   be   held  firmly  in  place  ^ 
crossing   and   tying   the  wires  as  necessary. 

When  the  asbestos  blocks  are  wired   in  place,    the   boiler   is   covered  with    L  l/:^-inch 
hexagonal   galvanized  wire  netting    (poultry  netting).      Openings  are   cut   in   tho  not:tinij 
*jh<'rever  necer.nary.     When  the  openings    in   the  wire  netting   tend   to  spread/   wire   ia  la^r-Ml 
thrt^u'jh    tho   irKislies  of   the  netting  around   tho  opening   to  draw   the   moshes   toqothf>r  .      Th  ■  • 
makes   tlie  wire  netting   conform  to   the  shape  of   the  opening   in   the  boile?:. 

The  asbestos   cement  should  be  mixed   in  a  tub  or  a   large   container/   only  enouijh 
water   being   used   to  make  the   cement  workable.     Best  results   can  be  obtained  by 
thorough  J  y  i^ixing   the   ce^^-^pt   and   applyino    it   to  the   boiler  when   the   boiler    is  hot. 

The  asbestos   cement  may  be   applied   in  one   coat  or   two  coats.      Cf  one   coat  is 
'applied/    the   coating  should  be   about   1   1/2-inch   thick.      If   two   coats   are   applied,  each 
coat   should  be   about   1/4-inch   thick.      Usually  when   the    cement    is   applied   in  one  thick 
coating,    it   has   a  tendency  to  fall  off   before   it  dries.      Actually,    for   tho  inexperienced 
boiler  operator/    it  is  better   to  apply   the   cement   in   two   coats.     When  applying  two 
coatS/    take   care   to  roughen  the   first  coat  with  a  trowel  and  allow   it   to  dry  thoroughly 
before   the   second  coat   is  applied. 

A  canvas   jacket   is  not  always   used  to  cover  heating   units.      It  will   be  found/ 
however/    that  the  protection  afforded  by  it  will  prevent  the    insulation   fron  crumbling. 
A  heavy-weight   canvas   (preferably   8  oun<;e)    is   recommended   for   this  purpose.  Large 
pieces  should   be  used   to  avoid  making   ji  ints  and   laps.      However/   when    joi-il:>  are  made 
the   canvas  should  overlap  about   2  inches. 


4-25 


ERIC 


'•i.K^^       If  be  applied  on  the  ends,    turning   the  edges  back  ov«r  the 

U    It   IS   installed   in  this  manner,   the  canvas  that   is  applied   to  thp   o.ides  •ill 
l.p  ovec  the   Eirst  canvas  applied   forming   a  neat  edge.     The  canvas   is   f  i  rs  t '  .iVpped  in 

.Po         ?hf'-   ^"f  ^^f'         li^"''-      ^'^^^  ^P"^^   "^-^tly  and   smooth  li^oter  Jhe 

canvas   is  to  be   Citted  around  openings,    it  should  be   cut  after   it  has  been 

tvZlVZAtl.^'T^\u^^''"  '^"'^   '^^^  openings   too   large.      The  edges   can  b.^ 

tnl  Ill  when   the   canvas   is  being  pasted  and   smoothed   into  place.      Short  slits  aro 

wh.^n    V     «   t^'^^  H^^^'^   ^'■'".^''^  f"""""^   '^^^  opeings   to  permit   the   canvas   to    U..  smoothly 
when  It   IS  turned  back  on  beveled  edges.     When  the  canvas  is  thoroughly  dry,    two  coats 
of.  good  on    paint  or;  s.aler  .should  be   applied   if   the   covering  needs\a?er-prooU  ng 

Insulation  that   is   installed  must   be  properly  maintained   to  provide   e  E  f ct  i  ve  1  v  its 
in^uiatloo.''"  Therefore,    the  next  discussion   is   center ed ^I^omid  n,fintain!i^ 

Ma  intaininq  Insulation 

ovnoJi  ^""."^^^^^u  breaVis  and   cracks   in  the   insulaticn.     Corners  or 

exposed  edqob  of   insulation  should  be   protected  by  installing   ii.on  quards.  All 
'rn^nl^^'^"  ""^'^^         protected   from  moving  parts  which  can  mar,    puncture,   or  damage  it. 
Insulation  must   be  protected   Erom  excessive  pressures.      Ladders,   plants,    pipinq,  iron 
bars,   etc.,  should  never  be  allowed  to  rest  on  the   insulation   installed  on  a  boiler  or 
vxpinq.     Ono  should  nov.^r  step  or  walk  on   insulation.     The   insulation  .around   tho  pipes 
m  lUninq  h-ills   can  bt:  pi'otected  with   a  sheet   metal   nleeve.  ' 
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steam  heating  systems  ar<-   classified  according   to  pipe   arrangement,    acc.^.s-or  Les 
uoed,   method  of  returning   the   condensate   to  the   boiler,    method   of  expelling   air   from  the 
system,   or   type   of   controls  employed. 

There  are   two   types  of  mechanical   return  devices    in   common   use:     Mechanical  return 
trap.s  and  condensate   return  pumps.  '  ' 

Steam  can   be  obtained   from  several  sources:     Central  Heating   Plants,  Pressure 
Keducing  Stations,    and  Converters.  ^      -loi^:^,    r'Lu.^:DUL  , 

^  ^5team  heating  system  consists  of   the   following  elements:     A  steam  source,  supply 
piping,   heating  equipment,   and  return  piping.  ^ 

Steam  systems   may  be  classified  by  one  or   more  of  the    fol.lowing   charact<-r  is  t  i  cs : 
iipinij  arraiujement,    prefisure  or  vacuum  conditions,   and  condensate  return. 

Insulation  used  by  Air  Force  for   heating  application  can   be  procured  as  powdered, 
sheet,   block,   blanket,   tuoe,   and  roll.  f 

OUIilSTrONS 

1.  What  are  the    two   types  of  mechanical  return  devices  used? 

2.  What  are   the  sources  of  steam? 

3-       What  are   the   two  main  types  of  exterior  distribution  systems? 
4.       What  is   the  purpose  of  pressure  regulators? 
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5.       lilxplaln  the  operation  of  a  thermostatic  trap. 
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KXTKRNAL  BOILER  MAINTENANCE 


OaiECTtVE 

Upon  completion  of    this  workbook  yoii  will  be  able   to  perform  external  boiler 
maintenance  with  instructor  assistance. 

PROCEDURK 

This  workbook  is  divided  into  six  exe^ci^3es: 
Exercise  I  -  Replace  and  Test  Safety  Valve 
Exercise  2  -  Replace  Gauges 

Exercise  3  -  Cleaning  Water  Column  and  Gage  Glass 
Exercise  4  -  Inspect  and  Replace  Soft  Plug 
Exercise  5  -  Checking  and  Cleaning  Fireside 
Exercise  6  -  Replace  or  Repair  Refractory  Material 


PROCEDURES 

Replace  safety  valve. 
CAUTION :     Remove  all  Jewelry. 

1.  Obtain  tools   from  Instructor. 

2.  Disassemble  safety  valve  exhaust  piping. 

NOTE:     Six   foot  step   ladder  may  be  needed;   make  sure  ladder   is  held  ste.tdy  . 

3.  Remove  safety  valve. 

4.  Replace  safety  valve. 

5       Reassemble  safety  valve  exhaust  piping. 

NOTE:     Exhaust  piping  will  be  placed   In  position  by   last  student  performing 


Test  safety  valve. 

CAUTION:     Discharge  opening  must  be  pointed  away   from  personnel. 

1.  Hook  up  safety   valve  and  pressure  gauge  to  air  line. 

2.  Open  globe  valve  to  at   least  80%  of  F;afety   valve  set  pressure. 

3.  Lift   lever   for  at   least  10  seconds. 
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Re pi  ace  and  Test  Safety  Va 1 ve 
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^.     Close  valve  by  suddenly   releasini^   lifting  lever* 


5.     Open  globe  valve  until  air  pressure  lifts  safety  valve. 


6.     Check  pressure  gauge  to  see  what  pressure  safety  valve  lifted. 
NOTR  :      In  form  1  nst  riic  tor  of  ga nge  pressure . 


7.     Close  globe  valve  on  air  line. 


8.      Remove  safety  valve  and  pressure  gauge  from  air  line. 


9.     Secure  equipment. 
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EXERCISE  2 
Ueplace  Gauges 

PROCEDURES 

CAUTION:     Remove  all  jewelry. 

1.  Obtain  tools   from  instructor. 

2.  Poftltion  stepl adder . 

NOTE:     T5ake  sure  ladder  is  held  steady. 

3.  Close  gauge  cock  valve. 

4.  Remove  gauge. 

5.  Obtain  new   gauge   from  instructor. 

6.  Replace  gauge. 

1,  Opun  gatige  cock  valve. 

8.  Return  tool  to  instructor. 
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EXKKCISE  3 
Clean  Water  Column  and  Gage  Glass 

PROCEDURES 

Clean  Water  Column 

CAUTION ;     Remove  all  jewelry. 

1.  Drain  boiler  down  below  waterside  connection  of  water  column. 

2.  Obtain  tools   from  Instructor. 

3.  Unhook  electrical  connections  if  necessary. 
MOTE:     Make  sure  electrical  power  is  off. 

4.  R'jmove  bolts  from  water  column  assembly. 

5.  Carefully  remove   float  assembly. 

6.  Remove  gasket  from  flange  surface  (putty  knife). 

7.  Open  water  column  drain  valve. 

8.  Check   float  chajnber  for  scale,   dirt,   mud,   etc.      (Use  flashlight) 

9.  Wash  out    float  chamber  with  water  hose. 

10.  Check   float  chamber  for  cleanliness. 

11.  Check   float  assembly  for  the   following  items: 


a . 

Bent  rod 

b. 

Scale  on  float 

c . 

Hole  in  float 

d. 

Collapsed  float 

e . 

Waterlogged  float 

12.  Report  any  discrepancies  to  Instructor. 

13.  Using  new  gasket  reassemble  water  column. 
NOTE:     Make  sure  bolts  are  tight. 

14.  Reconnect  electrical  connections  if  unhooked. 
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Cleaa  Gage  Glass 
PROCEDURES 

L.  Obtain  tools  and  equipment  from  instructor. 

2.  Unscrew  top  packing  nut. 

3.  Unscrew  bottom  packing  nut. 

4.  Remove  top  and  bottom  packing  wf»  sher. 

5.  Remove  gage  glass   from  gage  glass  valves   (do  not  drop  glass), 
rs.  Clean  gage  glass  using  water  (use  caution  when  cleaning). 

7.  Clean  gage  glass  valves. 

8.  Repack  gage  glass  valves  (if  necessary). 

9.  Inspect  gage  glass  washers  (replace  if  necessary). 

10.  Reinstall  gage  glass. 

11.  Tighten  top  and  bottom  packing  nuts. 

NOTE:     Last  student  to  perform  criterion  will   fill  boiler  to  normal  operating  level 
and  check   for  leaks. 

12.  /Secure  equipment. 
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EXERCISE  4 
Inspection  and  Replacement  of  Soft  Plug 

PROCEDURE 

NOTE:     Complete  the  following  statements  using  the  study  guide  as  a  reference. 
I.     What  is  the  purpose  of  fusible  plugs? 


2.     What  is  the  melting  point  of  most  fusible  plugs? 


3.     How  often  should  fusible  plugs  be  replaced? 


4-     Does  the  boiler  have  to  be  taken  out  of  service  to  replace  fusible  plug? 


5.     When  do  you  inspect  the  fusible  plug? 


6.     Should  old  fusible  plug  be  refilled  with  a  tin  alloy  for  re-use? 


7.     What  do  you  do  if  the  metal  in  the  fusible  plug  does  not  appear  sound? 


8.     What  action  would  a  technician  take  if  a  fusible  plug  was  found  discharging  steam? 
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EXERCISi2  5 
Cleaning  and  Checking  Fireside 

PROCKOIJRKS 

Clean  Fireside 

CAUTION :     Remove  all  Jewelry.     Use  goggles  and  gloves  for  protection  from  wire 
brushes  getting  dirt   in  the  eyes  and   injury  to  hands, 

1.  Obtain  equipment  and  tools   from  instructor, 

2.  Remove  back  from  boiler, 

NOTE:     Use  caution  when  removing,  back  pieces  are  heavy.     May  require  two  men  to 
handle  back  pieces.      Do  not   lose  nuts, 

3.  Clean  tubos  with  tube  brush, 

NOTE:     Push  brush  all  the  way  through  the  tubes.     Do  not  stop  midway  in  tube  and 
pnl 1  back  out. 

4.  Clean   flat,  surfaces  wi  re  brushes. 

5.  Clean  smoke  box  or  stack  area  with  wire  brush, 

6.  Remove  loose  soot  from  boiler  (use  vacuum  cleaner  if  possible). 

Check  Fireside 
1-     Obtain  equipment  from  instructor. 

2.  Check   fireside  for  cleanliness. 

3.  Check   tube  ends   for  leaks, 

4,  Check  smokebox  or  stack  area  for  corrosion, 

5,  Replace  back  on  boiler. 

NOTE:     Make  sure  gasket  is  on  straight.     DO  NOT  strip  bolts.     Make  sure  all  bolts 
are  tight. 
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EXERCISE  6 
Repair  and  Replace  Refractory 

PROCEDURES 

NOTE:     Complete  the  following  statements  using  the  study  guide  as  a  reference- 
1.     List  two  methods  of  cleaning  a  steaming  boiler. 

a*     

b. 


2.     What  temperature  should  the  boiler  water  be  before  it  is  permissible  to  allow  a  man 
to  enter  the  boiler? 


3.     1/16"  of  soot  «=  approximately 


heat  loss. 


4.     List  six  statements  that  give  the  purpose  of  boiler  refractory  < 

a.  

b.  

c .   

d.  

e.  

f . 


5.     List  three  factors  that  influence  the  life  of  the  furnace  refractory, 
a  • 


b. 
c . 


6.  What  is  spalling? 

7.  What  is  boiler  panting? 
8-     What  is  slagging? 

9.     Name  the  three  layers  of  x-efractory  material  in  the  combustion  chamber. 

a.  

b.  

c. 
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10.  What  Is  used  for  securing  standard  firebrick? 

11.  What.   Irt  added   to  the  combustion  chamber  to  allow  for  expanBton? 

12.  What  is  usually  used  for  patching  brick  work? 

13.  Why  must  you  punch  holes  thru  plastic  fire  brick? 

14.  What  is  used  to  protect  studded  water  wall  tubes,    some  headers  and  some  drums? 

15.  What  type  refractory  material  needs  a  form? 
IS.  What  size  Joint  is  between  each  firebrick? 

17.  What  type  of  maintenance  is  refractory  work  classified  as? 

18.  Repair  and  replace  refractory  material 

a.  using  firebox  boiler  trainer,    remove   insulating  block,   insulating  brick,  and 
standard  f irebri ck . 

b.  clean  firebox. 

c»     replace  insulating  block,    insulating  brick  and  standard  firebrick. 
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INTERNAL  BOILER  MAINTENANCE 


OBJECTIVE 


Upon  completion  of  this  workbook,   you  will  be  able  to  perform  Internal  boiler 
maintenance  with  instructor  assistance. 

PROCEOimE 

This  workbook  is  divided  into  six  exercises: 

Exercises  1  and  2  -  Maintain  Boiler  Waterside  Components 

Exercise  3  -  Internal  Corrosion 

Exercises  4  and  5  ~  Hydrostatic  Test 

Exercises  6  -  Tube  Repair 

EXERCISE  1 
Maintain  Boiler  Waterside  Components 

PROCEDURE 

NOTE:     Complete  the  following  statements  using  the  study  guide  as  a  reference. 

1.  Why  should  a  man  be  stationed  outside  the  boiler  before  anyone  enters? 

2.  All  electrical  equipment  should  be  properly 


3.     List  two  methods   for  cleaning  the  waterside  of  boilers. 

a  .  

b. 


4.     What  is  used  to  loosen  scale  in  fire-tube  boilers? 


5.  What  is  used  to  loosen  scale  in  bent-tube  water  tube  boiler? 

6.  What  is  used  to  remove  loose  scale   from  boilers? 


7.     List  the  two  combinations  of  chemicals  which  can  be  used  for  boiling  out  a  boiler. 

a.  

b. 
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8.     How  often  is  the  boiler  blown  down   in  the  boiling  out  process? 


9.     What  is  the  purpose  of  hand  holes  and  manholes? 


10.     What  temperature  can  the  boiler  be  safely  drained  and  entered  into? 
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EXERCISE  2 
Maintain  Boiler  Waterside  Components 

PaOCEDURBS 

CAUTION:     Remove  all  Jewel ry» 

1.  Obtain  tools  from  instructor. 

2,  Drain  boiler  using  bottom  blowdown  valves* 

NOTF. :     Use  proper  procedures  for  blowing  down  boiler  and  make  sure  water 

temperature  in  boiler  is  below  200*F.     Open  air  vent.     Exercise  3,    page  2-4 
will  be  accomplished  duri ng  this  exercise . 

3»     Open  waterside  by  removing  hand  holes. 

4.  Using  water  hose,    flush  out  boiler. 

5.  Using  water  hose,    wash  down  all   interior  areas  of  boiler. 

NOTE:     Boiler  is  clean  when  water  coming  out  bottom  of  boiler  is  clear.     H  /e 
instructor  check  work  at  this  time. 

B.     Using   flashlight  inspect  boiler  for  scale  and  oxygen  pitting* 

NOTK:      If  boiler  has   lari^e  amounts  of  scalo,   notify  instructor,   boiling  out 

procedures  may  have  to  be  instituted.      If   large  amounts  of  oxygen  pitting 
are  f ound »    notify  instructor. 

7.  Clean  hand  hole  plug  gasket  area. 

NOTE:     After  plug  is  clean,   have   instructor  check  work. 

8.  Inspect  interior  of  hand  hole  area  for  cleanliness. 

9.  Obtain  new  hand  hole  gasket  and  replace  hand  hole. 

10.  Close  blowdown  valves. 

NOTE:      Use  proper  procedures  for  closing  valves. 

11.  Fill  boiler  to  approximately  middle  of  gauge  glass. 

NOTE:     Make  sure  air  vent  is  open.     Witer  hose  may  be  used  or  by  pass  on  feed  water 
system.     Feed  water  pumps  will  be  used  only  if  necessary. 

12.  Inspect  hand  holes  for  leaks. 

NOTE:     Tighten  if  necessary,   do  not  over  tighten. 

13.  Clo.se  aif  vent, 

14.  Clean  area  around  high  pressure  boilf^r. 

15.  Return  tools  to  instructor. 
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EXERCISE  3 
In  spec t  for  Corrosion 

PROCEDURE 

CAUTION:     Remove  all  jewelry. 

NOTE:     This  exercise  will  be  done  while  boiler   Is  open  for  completion  of  exercise  2. 

1.  Obtain  tools  from  Instructor* 

2.  Using   flashlight  inspect  all  Interior  parts  of  watersldo  for  oxygon  CvOrrosion. 

3.  Notify  instructor  if  large  amounts  oZ  oxygen  corrosion  are  found* 
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EXERCISE  4 
Hydrostatic  Test 

PROCEDUKKS 

NOTK:     Complete  the  following  statements  ufling  the  study  guide  as  a  referauce. 

1.  What  must  bo  done  before  boilers  can  be  inspected? 

a  •  ^^^^^  .   

b,   

c,  

2,  What  equipment  will  be  inspected? 

a .  

b. 


3,     All  steam  boilers  get  inspected  when? 


4,     How  many  types  of   Inspections  are  there? 


5.      Identify  each  type  of  inspection, 

a .  

b.  

c .  

d.  

e . 


6.     What  type  of  inspection  is  performed  on  the  expansion   tank  of  a  HTW  system? 


7,     Define  hydrostatic  test. 


8,     At  what  pressure  is  a  hydrostatic  test  done? 


9,     What  temperature  is  the  water  that  is  used  in  a  hydrostatic  test?   

10,  What  must  be  done  to  the  safety  valve  during  a  hydrostatic  test? 

11,  If  the  pressure  controls  cannot  withstand  the  hydrostatic  pressure  applied,  what 
must  be  done  to  them? 

12,  With  what  type  of  inspection  is  hydrostatic  test  included? 

ERIC 


PROCRDIJRES 

CAUTION:     neraove  all  jewelry 


EXERCISE  5 
Hydrostatic  Test 


NOTE:     High  pressure  boiler  that  was  previously  worked  on  will  be  used   for  this 
exercise. 

1.  Obtain  tools  from  instructor. 

2.  Using  step  ladder,   gag  or  remove  safety  valve. 

note:     Make  sure  ladder  is  kept  steady.     Safety  valve  gagn  may  not  bo  available, 
safety  valve  must  be  removed. 

3.  Remove  pressure  controls  (if  necessary). 

NOTE:     Check  with  instructor  to  see  if  pressure  controls  must  be  removed. 

4.  If  safety  valve  was  removed,   plug  or  cap  opening  on  boiler. 

5.  If  pressure  controls  were  removed,   plug  or  cap  openings  on  boiler. 

6.  Open  feedwater  system. 

?•     Turn  on  electrical  system  for  pumps. 
8»     Turn  on  master  switch  on  control  panel. 

9.     Fill  boiler  completely  and  apply  hydrostatic  pressure. 

NOTE:     The  pump  will  be  operated  by  manual  mode.     Remember  hydrostatic  pressure  is 
1   1/2  times  safety  valve  set  pressure. 

10.  Turn  off  pump  when  hydrostatic  pressure  is  reached. 

11.  Check  for  stress  areas. 

12.  Check  for  leaks  at  hand  holes. 

NOTE:     Notify  Instructor  if  leak  is  found;  after  instructor  has  looked  at  leak  you 
will  be  Instructed  on  what  to  do. 

13.  After  test  is  complete,   return  boiler  water  level  to  proper  place. 

14.  Replace  pressure  controls  (if  removed). 

15.  Replace  safety  valve. 

16.  Return  tools  to  Instructor. 

17.  Clean  up  area  around  high  pressure  boiler. 

8.12 

18.  Secure  equipment, 
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EXERCISE  6 
Minor  Tube  Repair 

CAUTION:     Remove  all  Jewelry,   use  safety  precautions  when  working  with  boiler  tube 
repair  traJnor. 

NOTE:     Use  test  procedure  1  or  2  as  directed  by  instructor. 

TEST  1.     Plugging  Boiler  Tubes 

1.  Proceed  to  boiler  area  with  instructor. 

2.  Draw  hand  tools  for  plugging  boiler  tubes* 

3.  Instructor  will  assign  you  a  boiler  tube  and  plug. 

4.  Clean  interior  of  tube  and  exterior  of  plug  of  all  scale,   oil,    burns  and  foreign 
matter . 

5.  Insert  .small  end  of  plug  Into  tube  end  and  tap  snugly  Into  place;   Insure  plug  Is 
tapped  evenly  and  not  too  tightly. 

6.  Remove  each  plug  from  the  tube  end  and  clean  plugs  and  all  tools.     Return  plugs, 
tools  and  materials  to  the  proper  place. 

7.  Clean  area  before  returning  to  classrooms. 

TEST  2.     Rerolling  Boiler  Tubes 

1.  Proceed  to  boiler  area  with  Instructor. 

2.  Draw  hand  tools  for  rerolling  tubes. 

3.  Instructor  will  assign  you  a  boiler  tube  and  tube  expander. 
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BOILER  LAY  UP 

OBJECT  IV 15 

Upon  completion  of  this  workbook,   you  will  be  able  to  answer  questions  about  boiler 
lay  up  using  the  wet  and  dry  methods. 

PROCEDURE 

EXERCISE  1 

NOTE:     Complete  the  following  statements  using  the  study  guide  as  a  reference. 

1.  What  Is  the  purpose  of  boiler  lay  up? 

2.  When  Is  the  dry  method  or  boiler  lay  up  used? 

3.  What  can  be  used  to  absorb  moisture  In  the  dry  method? 

a  •  

b.  

4.  For  what   length  of  time  is  the  wet  method  used?   

5.  What  chemicals  are  used  in  the  wet  method? 

a.  

b.  

Cm     What  concentration  level  of  caustic  soda  is  maintained? 

7.  What  is  the  concentration   level  of  solium  sulfite  in  the  wet  method? 

8.  What  pressure  is  maintained  in  the  boiler? 

9.  Ho^  can  you  tell  if  chemical  concentrations  used   in  the  wet  method  are  at  proper 
levels? 

10.     Why  must  you  clean  the  external  surfaces  of  the  boiler  when  using  the  dry  method? 

o 
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STEAM  DISTRIBUTION  SYSTEMS 

OBJECTIVE 

Upon  completion  of  this  workbook  you  will  be  able  to  operate  steam  distribution 
system  with  Instructor  assistance. 

PRvOCEDURE 

ThlG  'jrorkbook  Is  divided  Into  eight  exercises: 

Exercise  1   -  Maintain  Steam  Distribution 

Exercise  2  -  Maintenance  of  Pressure  Reducing  Station 

Exercise  3  -  Expansion  Joints 

Exercise  4  -  Distribution  System  Conduits 

Exercise  5  -  Installation  and  Maintenance  of  Converters 

Exercise  6  -  Maintenance  On  Steam  Distribution  System 

Exercise  7  -  Steam  Trap  Maintenance 

Exercise  8  -  Apply  Insulation 

EXERCISE  1 
Maintain  Steam  Distribution 

PRGCEOITRE 

NOTE:     Complete  the  following  statements  using  the  study  guide  as  a  reference. 

1.  List  the  pressure  ranges  avid  their  different  uses, 

2.  What  major  types  of  distribution  syst ims  are  there? 

3.  What  are  the  two  types  of  underground  systems? 

a  •  

b,  

4.  What  are  the  two  types  of  aboveground  systems? 

a.    

b-     
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5.     What  two  types  of  expansion  Joints  are  there? 


a .  _   

b.  

6,     How  much  will  a  wrought-iron  pipe  800  feet  long  expand?     (This  pipe  is  carrying 
steam  at  ftS  pslg,  ) 


7.     What  are  the  three  types  of  pressure  reducing  valves? 
a  • 


c  • 


B.     How  Is  the  spring-loaded  pressure  reducing  valve  adjusted? 


9.     How  is  the  temperature  changed  on  the  temperature  regulating  valve? 


10.     Why  Is  an  expansion  loop  better  than  an  expansion  Joint? 
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EXERCISE  2 


Maintenance  of  Pressure  Reducing  Station 
CAUTION:     Remove  all  Jewelry. 
!•     Fire  up  boiler, 

^,     Cut  In  distribution  system  when  boiler  reaches  30  psig. 

NOTE:     Make  sure  all  drains  are  open;   close  when  steam  appears. 

3.  Place  into  operation  the  two  pressure  reducing  valves  (PRV). 

a.  Trace  steam  line  from  boiler  to  station  making  sure  all  the  valves  are  open. 

b.  Slowly  open  gate  valves  on  either  side  of  spring-operated  PRV. 

c.  Slowly  open  globe   valve  on  external  pilot  line. 

d.  Slowly  open  gate  valve  to  trap. 

e.  Slowly  open  gate  valve  to  condensate  line. 

f.  Slowly  open  globe   valve  on  external  pilot  line. 

NOTE:      If  the  PRVs  are  leaking,   bypass  the  PRVs  and  repair  them  as  required. 

« 

4.  In  order  to  bypass  automatic  PRV,   proceed  as  follows: 

a.  Secure   che  gate  valves  on  either  side  of  the  PRV  that  is  leaking. 

b.  Slowly  open  globe  valve  on  bypass. 

CAUTION :     Watch  gauge  as  you  are  opening  valve  so  that  the  pressure  does  not 
exceed   the  amount  used  on  the  equipment. 

5^     To  come  off  bypass  after  repairs  have  been  made,    proceed  as  follows: 

a.  Secure  globe  valve. 

b.  Slowly  open  gate  valves  on  either  side  of  PRV. 

c.  Slowly  open  globe  valves  on  external  pilot  lines. 

NOTE:     Do  not  allow  the  steam  pressure  going   to  the  equipment  to  exceed  25  psi. 

If  the  pressure  on  the  low  side  of  the  spring-operated  valve  exceeds  the 
desired  amount,  adjust  the  adjustment  nuts.  Position  weights  to  get  the 
pressure  desired  when  using  the  weight  and   level  PRV, 

6.     Have  the  instructor  check  your  work  and  supply   the  steam  to  the  station. 
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EXERCISE  3 
Kxpansion  Joints 

NOTE:     The  type  of  maintonance  depends  upon  the  type  of  expansion  joint.  Determine 
the  type  of  expansion  joint  and  complete  the  maintenance. 

1.  Slip  Type  — 

a.  Check  for  proper  alignment. 

b.  Check  for  proper  packing. 

c.  Thoroughly  clean  and  lubricate. 

d.  Adjust  or  replace  packing  as  required. 

e.  Check  the   f lange-to-f iange  distance. 

f.  Inspect  the  signs  of  erosion,   corrosion,   wear,   deposits  and  binding. 

g.  Repair  or  replace  defective  parts  as  required. 

2.  Bellows  Type  — 

a.  Check  bellows  Joint  for  misalignment,   corrosion  and  erosion. 

b.  Check  the  amount  of  travel  between  cold  and  hot  conditions. 

c.  If  joint   falls,    replace  the  bellows  section. 

3.  Expansion  loops  — 

Inspect  the  proper  alignment. 

4.  Have  the  instructor  check  your  work. 
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exercise:  4 

Distribution  System  Conduits 

PROCEDURE 

NOTE:     Comploto  the   following  questions.     Use  study  guide  as  a  reference. 
1.     What  types  of  materials  are  used   tor  conduit  systems? 


2.     What  are  the  two  types  of  conduit  systems? 
a.  


3.     What  is  the  purpose  of  manholes? 


4.     What  do  you  check  manholes  for? 


What  is  the  main  problem  area  for  conduit  systems? 
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EXERCISE  5 

Installation  and  Maintenance  of  Converters 

PROCEDURE 

NOTE:     Complete  the   following  questions.     Use  study  guide  as  a  reference. 

1.  What  Is  a  converter? 

2.  What  can  be  used  as  the  heating  medium? 
a  %  

b.  

3.  What  are  the  tubes  or  colls  used  for  In  a  converter? 

4.  In  a  steam  converter  where  does  the  water  flow? 

5.  In  a  HTW  converter  where  does  the  HTW  flow? 

6.  What  must  be  Installed  after  a  steam  converter? 

7.  What  pressure  of  steara  can  be  obtained  using  a  converter? 

8.  What  device  will  protect  the  converter? 
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EXERCISE  6 


Maintenance  on  Steam  Distribution  System 


PROCEDURE 


NOTE:     Complete  the  following  statements.     Use  study  guide  as  a  reference. 

1.  What  are  steam  traps? 

2.  How  are  steam  traps  classified? 

3.  Where  are  steam  txj.ps  located? 

4.  What  trap  is  activated  by  temperature  changes? 

5.  What  trap  must  be  primed? 

6.  Which  trap  operates  by  the  bending  of  a  bimetallic  unit? 

7.  What  is  the  purpose  of  the  strainer? 

8.  What  is  done  to  a  steam  trap  annually.^ 

9.  What  two  types  of  condensate  return  systems  are  there? 

10.  In  the  gravity  return  system,   what  is  the  Hartford  loop  used  for? 

11.  What  are  the  two  types  of  mechanically  returned  condensate? 
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EXERCISE  7 
Steam  Trap  Maintenance 

CAUTION;     Insure  steam  has  been  secured. 
NOTE:     The  Instructor  will  assign  you  a  trap. 

1.  isolate  the  trap  by  securing  the  proper  inlet  and  outlet  valves. 

2.  Remove  trap,   carry  to  workbench  and  remove  piping. 

3.  Disassemble  trap  by  removing  trap  cover. 

CAUTION:     DO  NOT  use  improper  tools.      If  the  system  has  had  pressure  on  it,  be 
careful  that  the  water  or  pressure  in  the  trap  does  not  burn  you.  Be 
sure  that  the  valves  ar3  not  leaking  at  the  seat. 

4.  Remove  internal  parts  of  the  trap. 

5.  Inspect  internal  parts  for  corrosion,   wear,   defective  bellows,   buckets  or  floats. 

6.  Replace  or  repair  parts  as  required. 

NOTE:     Use  only  matched  sets  of  replacement  valves  and  seats.     DO  NOT  change  the 
weight  of  floats  or  buckets,   operation  may  be  affected. 

7.  Clean  outlet  valve  part. 

8.  Clean  up  trap  casing  and  covers  for  excess  gasket  material.     Remove  all  frozen 
material  from  trap  casing. 

NOTE:     Have  the  instructor  check  your  work,   then  proceed  as  follows. 

9.  Install  internal  parts. 

10.  ^^P^^^^  gasket  using  a  non-hardening  sealing  compound,   such  as  grease  or  graphite 
if  sealing  compound  is  used.  &  h 

11.  Install  trap  cover,   tightening  bolts  evenly. 
NOTES:     Tighten  bolts  in  a  star  sequence. 

Use  nipples  and  union  taken  out  of  step  2.     Replace  fittings  if  necessary. 

12.  Open  proper  valves  to  place  trap  into  operation. 


13.     Check  for  leaks. 

NOTE:     Have  instructor  check  your  work. 
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ClGanlLg  Strainers 
I.     T.Bolato  the  strainer  by  securing  proper  valves, 
R^inove  basket, 

3,  Clean  basket  conpartmont, 

4,  Replace  gasket  as  required. 

5,  Install  basket. 

6,  Open  proper  valves  and  check  for  leaks. 
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EXERCISE  8 
Applying  Insulation 


1.  Tube  Insulation 

R.     Select  proper  size, 
b.     ^lace  on  pipe. 

c     Cement  or  paste  loose  flap,   if  provided.     If  not,   wrap  tube  Insulation  with 

cheesecloth  and  smooth  It  over  with  wheat  paste  to  hold  cheesecloth  tight  until 
wheat  paste  dries;  use  raetal  strips. 

2.  Powder  Insulation 

a.  Mix  insulation  with  water  to  a  very  stiff  consistency. 

b.  Apply  to  odd  shapes  such  as  elbows,   valves  or  around  tanks,   stacks,  etc, 

c.  Wrap  witn  cheesecloth  and  apply  wheat  paste. 

3.  Duct  Insulation  — 

a.     What  Is  used  to  hold  insulation  on  ducts? 


b.     What  is  a  common  type  of  duct  insulation? 


Why  is  insulation  used  on  warm  air  ducts? 
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HXFIRCISE  8 
APPLYING  INSULATION 


MATERIAL  NKFIOED: 
-too I s 

-cheesecloth 
-tube   Insulatio  I 
-wheat  paste 
-powdered  insulation 
-pai Is 

PROCEDURES: 

(1)  Tube  Insulation — 

a.  Select  proper  size  insulation. 

b.  Cut  to  size  with  keyhole  saw. 

c.  Place  only  over  pipes. 

d.  Secure  with  insulation  tape. 

(2)  Powdered  Insulation — 

a.  Mix   insulation  in  a  pail   to  a  very  stiff  consistency. 

b.  Apply   to  odd  shapes  only   (ex.   valves,   elbows,  reducers). 

c.  Shape  and  smooth  surfaces. 

d.  Insure  powdered   insulation   is  even  with  tube   insulation  and  the  ends  are 


(3)  Wheat  Paste — 

a.  Mix  wheat  paste  as  directed. 

b.  Cut  and  separate  cheesecloth. 

c.  Dip  into  paste  then  wrap  around  powdered  insulation, 

d.  Smooth  surfaces. 

((    HAVE   INSTRUCTOR   INSPECT  WORK  )) 

(4)  Clean   tools  and  pails  with  water. 
Clean  work  area. 

(5)  Duct  Insulation — 

a.     What   is  used  to  hold   insulation  on  ducts? 


b.     Vfhat  is  a  common  type  of  duct  insulation? 


c.     Why  is  insulation  used  on  warm  air  ducts? 


squared  off. 
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eaning  Strainers 


I.  Isolate  the  strainer  by  securing  proper  valves. 

?.  Remove  basket. 

3.  Clean  basket  compartment. 

4.  Re;>lace  gasket  as  required. 

5.  Install  basket. 

6.  Open  proper  valves  and  check  for  leaks. 
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EXPLANATION  OF  TERMS 

ACCUMULATIONS — Col  lections. 
AOHKHING — Sticking. 
ADJUST —  Regulate. 
ADJUSTMENT — To  regulate. 

ALIGNMENT — Putting   Into  precise  position. 
ALKALINE--Havlng  the  properties  of  salt. 
ALLOY — Mixture  of  base  metals. 
ANNUALLY — Once  a  year. 
ANODE — Positive  terminal  of  cell. 
ARRANGEMENT — Having  been  put  in  order. 
ASBESTOS — A  fire  resistant  material. 
ASSEMBLED — Collected,    put  together. 
ATMOSPHERE- -Air. 
AUTOMATIC — Self  acting. 

AUXILIARY  EQUIPMENT — Extra  equipment  necessary. 
AVAILABILITY--T0  have  close  to  use. 

BAFFLES — Used  to  direct  flow  of  gases,    steam  or  water. 

BELLOWS — Expandable  device  used  in  traps,   valves  and  controls. 

BIMETALLIC — Composed  of  two  different  metals. 

BLOWDOWN — Discharge,   drain  partially. 

BOILER — Enclosed  vessel  used  to  generate  steam. 

BOUNDARY — A  bounding  or  separating  line, 

BREECHING — Bottom  of  a  pulley  block. 

BRICKWORK — Work  of  or  with  brick. 

BURNER — Part   of  boiler  which  produces  flame. 

BYPASS — To  go  around. 

CALIBRATE/CALIBRATION — Find,   change  or  mark  of  graduation. 
CAM-ACTUATED — Operated  or  controlled  by  a  cam. 
C APACITY--Measure  of  content,   maximum  output. 
CAPILLARY — Small  bore  tube  used  to  transmit  pressure. 
CASING — Body . 

CASTABLE — Able  to  be  molded. 
CATHODE- -Negative  terminal  of  cell. 
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CAULKED — Stopped  up,   sealed  against  leakage. 

CAUSTIC — Capable  of  destroying  or  eating  away  by  chemical  action. 
CENTRIFUGAL«-Going  or  acting  in  a  direction  away  from  a  center  or  axis. 
CERTIFIED — Authorized  by  a  certificate. 
CHAMBER — Cavity  or  compart  it. 

CHARACTERISTICS— Traits,   r  alitl^s  or  properties. 

circulate—To  move. 

CIRCULATION — The  movement  of. 
CLASSIFIED — Divided   into  classes. 
CLINKERS — Stony  matter  fused  together. 
COMBINATION — Two  or  more. 
COMPENSATE — Make  up  for. 
CC»4P0NENTS — Parts  of. 

COMPRESSION — Squeezing  or  compacting  with  power. 
CONDENSATE /CONDENSE — Steam  turned  back  into  water. 
CONDITIONS — Provisions  or  working  status. 
CONDUCTIVITY—Degree  of  ability  to  transmit  electricity. 
CONNECT  ED /CONNECT  I  ON — Attach  to. 
CONSISTENCY — Thickness. 
CONSTANT — Always  or  lasting. 
CONSTRUCTION — Made  or  made  of. 
CONTACTS — Electrical   touching  points. 
CONTINUOUS — Always  or  lasting. 
CONTRACTION — Shrinkage . 
CONTROL — Having  power  over. 

CONVERTERS — Device  used  to  change  heati.g  mediums  (i.e.,   steam  to  water). 
CORROSION — Act  of  eating  away  by  de^-rees. 

CRYSTAL — A  body  formed  by  solidification  of  a  chemical  element  or  compound. 
CYCLE — A  sequence  of  a  recurring  succession  of  events. 
DAMAGE — Destroy  or  destruction . 

DAMPERS — A  plate  used  for  regulating  the  flow  of  air  or  gases. 
DEAERATE/DEAERATING/DEAERATION—Removal   of  air   from  water. 
DEFECTIVE — Not  as   it  should  be. 
DEMAND — Requi  rement . 
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DEPOSITS—CGI  lections  of. 
DIAGRAMS — Simplified  drawings. 

DIAPHRAGM — Thin  membrane  divider  or  partition. 
DIFFERKNCE — Sum  of  subtraction. 
DILUTION — Act  of   reducing  strength. 
DIMENSIONS — Measurements  of  an  object's  shape. 
DISCHARGE/DISCHARGED — Remove,    throw  out. 
DISMANTLE — Take  apart. 

DISSOLVE — To  cause  to  disperse  or  pass  Into  solution. 
DISTRIBUTED/DISTRIBUTION — Convey,   give  out  or  oupply  portions  of. 
DOWNWARD — From  a  higher  place  to  a  lower. 

ECONOMIZER- -Closed  feedwater  heater  using  hot  stack  gases  as  a  heating  medium. 

EFFICIENCY/EFFICIENT — Measurement  of  operation  or  ability. 

ELECTRICAL — Pertaining  to  electricity. 

ELECTROLYTE — Nonmetalllc  conductor  of  current. 

ELECTRONIC — Pertaining  to  electronics. 

ELEMENT--A  part  or  piece  of. 

EMERGENCY — Pressing  need  calling  for  Immediate  action. 
EQUALIZE — To  make  equal. 
EQUILIBRIUM — Balance. 

EQUIPMENT — Implements  used   In  an  operation  or  activity. 
EVALUATE — '^o  examine  and  Judge. 
EXCESSIVE — Going  beyond  a  limit. 
EXHAUST — Already  used  once. 

EXPAND/EXPANDED/EXPANSION — Increase  In  size  or  volume. 
EXPLOSIONS — Violent  outbursts. 
EXPOSED — Uncovered  or  unprotected . 
EXTERNAL — Outside. 
EXTREME — Maximum. 

FACILITIES — Something  built.   Installed  or  established  to  serve  a  purpose. 
FAILURE — Falling  short. 
FEATURE — A  special  attraction. 

FEEDWATER — All  water  put  or  to  be  put   Into  a  boiler. 
FIREBOX — Chamber  that  contains  a  fire. 
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FIREBRICK — Used  to  build  furnace  refractories. 

FITTINGS — Various  controlling  devices  Installed  on  a  boiler. 

FLASHING — Rapid  conversion  of  hot  water  to  steam  due   to  a  pressure  drop. 

FLEXIBLE — Bendable  or  pliable. 

FLUCTUATION — Changing  from  a  norm. 

FORCED — Done  or  produced  with  effort. 

FROST  LINE — Depth  to  which  the  ground  freezes. 

FUNCT lON/FUNCT ION ING — Wo  rk ,    pe  r f o  rm . 

FURNACE — Where  Initial  combustion  and  burning  of  fuel  takes  place. 
FUSIBLE  PLUG — Brass  plug  with  tin  core,   used  as  a  low  water  alarm. 

GASKET — A  ring  of  material   fitted  tightly  around  a  Joint  to  keep  It  from  leaking. 
GENERATE/GENERATED — To  make   or  produce. 
GRADUATED — Marked  with  degrees  of  measurement. 

GRAVITi — Force  that  draws  objects  toward  the  center  of  the  earth. 
HAND-HOLE — Hand   sized  orifice  In  a  boiler  to  facilitate  maintenance. 
HARMFUL — Damaging ,  Injurious. 

HEADER — Pipe  or  tube  shared  by  two  or  more  boilers,   objects  or  devices. 
HEATING — The  act  of   Increasing  the  temperature. 
HORIZONTAL — Parallel   to  the  horizon. 

HYDRAULIC — Operated,  moved  or  effected   by  a  liquid;    I.e.,   water  or  oil. 

HYDROSTATIC  TEST — Filling  boiler  with  water  to  a  pressure  one  and  one-half  times  the 
safety  valve  setting. 

IGNITION — Act  of  setting  on  fire. 

IMPINGEMENT — Encroachment  or  Infringement. 

I NOOR  POR ATE —  Unite. 

INCREASE — Add  to. 

INDEFINITELY — Unknown  amount  of  time. 
INDEPENDENT — Not  depending  on. 
INDICATE/ INDICATING — Point,    direct  or  show. 
INDUCED — Sucked  up,   brought  on. 

INJECTOR — A  unit   to  force  water   Into  a  boiler. 
INLET — Entry. 

INSPECT/INSPECTION — To  check  or   look  carefully. 
INSTALL/ INSTALLED — To  set  up   for  use. 

INSTALLATION — Air  Force  bases  or  properties  which  contain  heating  equipment. 

v 

o  832 
ERIC 


INSTRUCTIONS—Procedures, 
INSULATE/ INSULATION — Protect  ov  cover. 
I NTEX3RATE/ INTEGRATED — Mix  together, 
INTERFERE — To  hinder. 

INTERMITTENT—Comlng  and   going  at  Intervals. 
INTERNAL — Inside- 

INVERTED — Upside  down. 

ISOLATING  VALVE — Valve  used   to  separate  a  device  from  the  main  flow. 

JURISDICTION — Control  or  authority  over. 

LAMINATIONS — Layers  of  bonded  materials. 

LATTER — Relating  to  the   last  or  more  recent. 

LETHAL — Dead ly. 

LIMITATIONS — Limits. 

LINKAGE — System  of   bars,    rods  or  links. 
LOCATED/LOCATION— Indicates  place  or  site. 
LONGITUDINAL — Placed  or  running  lengthwise. 

LUBRICATE/LUBRICATED/LUBRICATION~To  make  slippery,  usually  with  grease  or  oil 
MAGNESIUM — A  form  or  type  of  Insulation. 

MAINTAIN — To  keep   In  existing  state.  f 

MAINTENANCE — To  service  or  repair  a  piece  of  equipment. 

MALFUNCTION — Failure  to  operate  normal ly. 

MANUAL /MANUALLY — Worked   by  hand. 

MANUFACTURE/MANUFACTURER^-Make,  maker. 

MASONRY — To  do  with  stone. 

MAXIMUM — Most  or  highest  limit. 

MECHANICAL — Operated  by  a  machine. 

MECHANISM — Mechanical  operation  or  action. 

METER — Indicating  type  measuring  device. 

METHOD — Way  of  doing. 

MINIMUM — Least  or  lowest  limit. 

MISALIGNMENT — Not  aligned. 

MOISTURE — Wetness. 

MORTAR — Mixture  of  cement  of  lime  with  sand  and  water  to  hold  bricks  together. 
MOVEMENT — Change  of  place,  position  or  posture. 
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NIPPLE — Short  piece  of  pipe* 
NONCONDENSABIiE — Unable  to  be  condensed. 

NON-RETURN  VALVE — Valve  permitting  flow  only  in  one  direci  on. 
NORMAL — Average . 
OBSERVATION-Watchtng . 
OBTAINED — Got  or  received. 

OPERATE/OPERATING /OPERATION/OPERATIONAL — Relating   to  work. 

OPERATOR — One  who  operates. 

OPTIMUM — Best. 

ORIFICE — Hole  or  opening. 

OUTLET — Exit. 

OXYGEN — A  gas  without  color,   taste  or  odor,  and  is  a  chemical  element  (O2). 
PACKAGE — Moderate  sized  unit  with  all  essentials. 
PASSAGE — Channel,   course,   tunnel  or  corridor. 
PENETRATE — Pass  into  or  through. 

PERCENT — Reckoned  on  the  basis  of  a  whole  divided  equally  into  one  hundred  part 
PE  RFOR  AT I ONS  — Ho I e  s . 

PERIODICALLY — Fixed  intervals  between  set  times. 
PERMANENT — Fixed  or  lasting. 
PERMISSIBLE — Allowed. 

PERSONNEL — People  of   a  unit  or  group. 

PISTON — A  sliding  piece  moved  by  or  moving  against  a  liquid  or  gas. 

PLASTIC  FIREBRICK — Unburned  brick  that  can  be  shaped  to  form  refractory  linings 

PNEUMATIC — Operated  by  air. 

POSITION — Place  or  posture. 

PRECAUTION — To  be  on  one's  guard. 

PRECIPITATES — To  separate  from  solution  or  suspension. 
PREFABRICATED — Already  made. 

PREUEATERS — Equipment  used  to  heat  something  before  it  is  used. 
PRELIMINARY — Something  that  precedes. 
PREOPERATION/PaEOPERATIONAL — Before  operating . 
PRESSURE — Force  exerted. 

PREVENT/PREVENTING — To  stop  from  happening. 
PRIMING — Filling  with  water. 
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PRINCIPAL — Most  Important. 

PROCEDURE—Steps  followed  in  a  definite  order. 
PROJECTING — Going  beyond. 
PROLONGED — lo  lengthen  the  time  of. 

QUALIFIED — Complied  with  the  specific  requirements, 
QUALITXES—Peculiar  and  essential  characteristics. 
QUARTERLY — Four  times  a  year,   three  months  or  90  days. 
QUESTIONABLE — Doubtful . 
RECOMMEND — To  attract  favor  to. 

RECTIFICATION/RECTIFYING—To  make  unidirectional. 
REDUCE/REDUCING/REDUCTION— Decrease  or  make  smaller. 
REFRACTORY — Heat  resisting  nonraetallic  ceramic  material. 
REX5ENERATIVE— Ability  to  form  or  create  again. 
REGUiJVTE/REGULATING/REGULATOR— To  control   the  flow  of. 
RELAY — Electrical  device  used  to  delay  the  flow  of  current. 
REMOVED — Taken  away  from. 
REPLACE/REPLACEMENT — Substitute. 

REQUIRE/REQUIRED/REQUIREMENTS—Needed  or  essential. 

RESIDUE — Remains  of. 

RESISTANCE — Opposition  against. 

RESPIRATORY — Breathing . 

REVOLVING — Turning  around  on  an  axis. 

RIVETED— Fastened  or  united  with  rivets. 

ROTATION — The  turning  of  a  body  on  an  axis. 

SAFETY — Condition  of  being  safe  from  or  causing  hurt,   injury  or  loss. 
SCANNER — Control  component  used   to  sense  flame. 
SEDIMENT — Settlings  of  impurities. 
SEQUENCE — The  order  of  progression. 

SETTING(S) — Material   that  covers  an  inside  surface  of  a  boiler  furnace 

SHALLOW — Opposite  of  deep. 

SHRIN"  iGE — Amount  of  decrease  in  size . 

SIMULTANEOUSLY — At  the  same  time. 

SOLUTION — Liquid  containing  a  dissolved  ^abstance. 
SPALLED/SPALLING— The  flaking  and  chipping  of  brick  surtaces. 


SPECIPICATIONS/SPECIPIED—Detalled  precise  presentation  of  something. 

STANDARD —Something  established  as  a  rule  for  measuring  quantity,  weight,  extent,  value 
or  quality. 

ST ATI ONA  RY — P Ixed ,    Immob lie. 

SUPPICIENT/SUFPICI ENTL Y — En  ou  gh . 

SUPERHEATER — Tubes  In  steam  boilers  that  add  extra  heat  to  the  st^am  before  exiting  the^ 
boiler. 

SUSPENDED — To  maintain  from  railing  or  sinking. 

SYSTEU(S) — ^Regularly  Interacting  or  Interdependent  group  forming  a  unified  whole. 
TAPERED — Becoming  gradually  smaller  toward  one  end. 

TEMPERATURE — A  measurement  of  heat  In  degrees  Fahrenheit  or  Celsius. 
THERMODYNAMIC — A  steam  trap  operated  by  the  dynamics  of  heat. 

THERMOHYDRAULIC — A  feedwater  regulator  operated  by  expansion  and  contraction  of  water. 
THERMOSTATIC — A  feedwater  regulator  operated  by  the  expansion  and  contraction. 
THICKNESS — Measurement  from  one  side  through  to  the  other. 
THROTTLING — To  prevent  or  check  activity  of. 

TURBINE — Rotary  engine  actuated  by  the  reaction  or  Impulse  of  a  current  of       tld  or  gas. 
TYPICAL — Common. 
UNCONDENSED — Not  condensed. 
UPWARD — From  lower  to  higher. 
VACUUM — Devoid  of  matter. 

VALVE — Mechanical  device  used  to  stop  or  permit  the  flow  of  fluids  or  gases. 

VENTILATE/VENTILATION — To  air  out. 

VERIFICATION — Act  or  process  of  confirming. 

VERTICAL — In  an  upright  or  up-and-down  motion  or  position. 

VIBRATION — Periodic  motion  in  alternately  opposite  directions. 

VOLTAGE — Unit  of  electrical  potential  or  potential  difference. 

WATER — Contains  two  parts  hydrogen  and  one  part  oxygen  expressed  as  H2O. 

WATER  COLUMN — A  steam  boiler  external   fitting  used  to  prevent  fluctuations  of  water  in 
the  gauge  glass. 

WITHDRAWING — Taking  out  or  away. 

YEARLY — Once  a  year. 

ZEOLITE — Any  of  various  natural  or  synthesized  silicates  or  similar  structure  used  in 
water  softening. 
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OBJECT  IV  E 


Given  information,  explain  basic  facts  about  sources  of  water  and  their 
characteristics  with  80%  accuracy. 

INTRODUCTION 

Have  you  ever  wondered  how  waxer  is  affected  by  its  surroundings?    Water,  in 
nature,  is  never  really  pure.     When  water  falls  from  the  clouds  in  its  purest  natural 
state,   the  water  collects  some  dust,   gases  and  other  foreign  matter.     After  water  has 
run  over  the  surface  of  the  ground  or  percolated  through  rock  layers,  water  impurities 
have  greatly  increasod  due  to  the  fact  that  water  Is  practically  a  universal  solvent  and 
dissolves  a  little  of  everything   it  touches.     Therefore,  water  requires  treatment  or 
conditioning  before  it  is  fit  for  use  by  military,    industry  and  the  home.  Water 
impurities  may  mean  either  wealth  or  worry  to  the  Air  Force  in  successful  operation. 
Impurities  are  classed  as  dissolved  gases,   dissolved  solids,   suspended  solids  and 
bacteria.     Information  on  the  sources  and  characteristics  of  water  which  will  benefit 
you  is  contained  under  the  following  main  topics  of  this  study  guide. 

 Sources  of  Wate  r 

  Characteristics  of  Water 

  Potential  Hydrogen  Scale 

  Major  Contributors  to  Corrosion 

In  the  last  block  you  discussed  boiler  design  and  construction  features.     Now  that 
^you  know  how  boilers  are  built,  how  to  operate  them,  and  how  they  are  useful  in  today's 
society,    it  will  be  of  your  concern  as  to  how  they  should  be  cared  for.     You  will  also 
want  to  know  what  impurities  in  water  could  cause  hazards  in  boiler  operations  and  which 
impurities  in  water  could  cause  inefficient  operation,  but  first  you  must  know  the 
sources  of  water  and  Its  contents.     This  will  be  discussed  in  our  opening  paragraphs. 

INFORMATION. 


There  are  four  sources  of  water:     surface,   ground,   sea  and  collected.     Surface  and 
ground  are  the  most  common  sources  of  water  used  by  the  Air  Force.     Seawater  is  not 
normally  used  because  it  is  expensive  to  separate  the  sale  from  the  water.  Collected 
water  will  only  be  used  when  location  requires  it. 

Surface  Water 

STREAMS.     Streams  are  the  most  common  sources  of  surface  water  supply.  Turbidity 
and  mineral  content  vary  with  the  flow  and  watershed  conditions.     Since  some  streams 
receive  raw  or  partially  treated  sewage  it  may  be  necessary  to  properly  treat  the  water 
before  using.     Streams  are  generally  high  in  organic  material. 

LAKES.     L»^os  are  generally  a  satisfactory  source  of  water  supply.     Lakes  in  warm 
climates  may  contain  considerable  amounts  of  vegetable  or  animal  organisms.     (Many  lakes 
have  a  high  content  of  dissolved  minerals.)     Surface  waters  obtained  from  lakes  are 
similar  to  those  from  flowing  streams  except  co:  dtderable  self-purification  may  take 
place  in  lakes  changing  wa^er  quality  to  a  large  extent. 

Ground  Water 

Ground  water  is  usually  clear,  cool  and  LOW  in  organic  material,  but  may  be  HIGH  in 
dissolved  mineral  content.     Excessive  withdrawal  of  ground  water  near  the  seacoast  may 
lower  the  water  table  allowing  infiltration  of  salt  wacei.. 
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SPRINGS.     Spring  water  is  generally  clear,   cool,  LOW  in  organic  impurities  and  is 
frequently  HARD  because  of  a  high  dissolved  mlnoral  content.     Heavy  infiltration  of 
surface  water  will  '^ause  springs  to  become  turbid, 

SHALLOW  WELLS,     Shallow  wells  normally  produce  good  water  of  a  medium  temperature 
and  mineral  content  but  are  subject  to  seasonal  fluctuation,   contamination  and 
pollution. 

DEEP  WELLS.     Deep  wells  are  less  subject  to  seasonal   fluctuation,   contamination  an^^ 
pollution  than  shallow  wells.     They  normally  produce  cool  water  of  HIGH  mineral  content!^ 

Seawater 

Distillation  equipment  may  be  used  to  produce  usable  water  from  brackish  water, 
seawater  or  other  waters  containing  excessive  amounts  of  dissolved  solids.     This  type  ol  " 
water  supply  Is  normally  used  only  in  emergencies  or  where  no  suitable  surface  or  ground 
water  source  is  available. 

Collected  Water  * 

Water  may  be  collected  from  roofs  or  from  specially  constructed  drainage  sheds. 
This  method  is  not  favored  where  surface  or  ground  water  sources  may  be  easily 
developed.  However,   roof  drainage  has  been  used  as  the  main  source  of  water  supply  for 
large  populations  in  semiarid  regions  and  in  the  tropics  where  rainfall  is  heavy  but 
available  surface  waters  are  highly  polluted. 

CHARACTERISTICS  OF  WATER 
Suspended  Impurities  and  Their  Effects 

TURBIDITY.     Turbidity   is  the  term  applied  to  suspended  matter  of  any  nature  present 
in  a  water  supply.     A  distinction  is  sometimes  made  between  suspended  matter  which 
settles  rapidly  and  that  which  settles  slowly,   the  former  being  called  "sediment"  and 
the  latter  "turbidity".     Usually,   however,   all  forms  of  suspended  matter  are  grouped 
together  under  one  term  "turbidity".     Turbidity,  when  present  as  a  iirty  sediment,  Is 
objectionable  for  practically  all  uses.     This  has  led  to  certain  standards  of  tolerancs. 
In  the  United  States  Public  Health  Service  drinking  water  standards  for  drinking  and 
culinary  water  supplied  by  common  carriers  in  Interstate  Commerce,   It  is  stated  that 
turbidity  shall  not  exceed  10  ppm  (silica  scale).     Turbidity  is  expressed  in  an  analysis 
as  silica  and  imparts  an  unsightly  appearance  to  water.     Turbidity  also  le&w^es  deposits^^ 
of  sediment  in  water  lines,   cooling  system  and  boilers,   and  thereby  interferes  with 
1 ndus t ry  processes . 

ORGANISMS.  Although  some  organisms  found  in  water  cause  disease  when  consumed,  we 
are  mainly  concerned  with  their  effect  on  mechanical  equipment.  Normally,  organisms  in 
a  water  supply  are  not  significant. 

ALGAE.     A  concentration  of  algae  in  water  will  cause  taste,  odor,   color  and 
turbidity.     Except  only  in  extreme  cases  will  we  be  concerned  with  other  than  the  latter 
two.     Turbidity  will  have  to  be  removed  by  filtration  or  sedimentation  with  or  without 
the  aid  of  chemicals. 

Dissolved  Impurities  and  Tbeir  Effects 

The  amount  of  dissolved  minerals  in  water  depends  on  the  length  of  time  the  water 
is  in  contact  with  the  minerals.     When  ground  water  is  in  contact  with  minerals  for  a 
long  period  of  time,   it  will  often  contain  one  or  more  of  the  following. 

HARDNESS.     Minerals  or  salts  present  in  the  feedwater  in  dilute  form  become 
concentrated  in  the  boiler  water.     The  slightly  soluble  minerals  can  therefore  deposit 
or  precipitate  out  of  the  boiler  water.     They  may  come  out  in  the  form  of  a  scale  on  the 
boiler  m^tal  surface  or  in  the  form  of  a  sludge  throughout  the  body  of  the  boiler  water. 

ALKALINITY.     Caused  by  the  presence  of  bicarbonate  (HCO3),   carbonate   (CO3)  and 
hydroxide  (OH).     The  effect  of  these  compounds  is  foaming  and  carryover  of  solids  with 
steam  and  embrltt lement  of  boiler  steel.     When  heated,   carbonate  and  bicarbonate  will 
liberate  CO2  (carbon  dioxide). 
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FUEE  MINERAL  ACID.     Sulfuric,  hydrochloric,  etc.,  acids  that  occur  naturally  in 
water  will  cause  corrosion. 

B  CARBON  DIOXIDE.     Causes  corrosion  in  water  lines  and,   particularly,  steam  and 

^  condensate  lines. 

SULFATE  (SO4).     Adds  to  solids  content  of  water  but,   in  itself,   is  not  usually 
significant.     Combines  with  calcium  to  form  calcium  sulfate  scale. 

IRON.     Discolors  water  when  precipitated.     Source  of  deposits  in  water   lines  and 
boilers . 

i  OXYGEN  (O).     Dissolved  oxygen  when  liberated  causes  corrosion  of  water  lines,  heat 

exchange  equipment,  boilers,   return  lines,  etc.     (Called  pitting.) 

HYDROGEN  SULFIDE  (H2S).     Causes  corrosion. 

AMMONIA  (NH3).     Causes  corrosion  of  copper  and  zinc  alloys. 

Table  1  summarizes  some  common  impurities  in  water.     Constituents,  chemical 
formulas  and  the  difficulties  will  be  further  discussed  in  the  following  sections  of 
this  study  guide. 


CONSTITUENT 

CHEMICAL  FORMULA 

DIFFICULTIES  CAUSED 

MEANS  OF  TREATMENT 

Turbidity 

None-expressed  in 
analysis  as  units. 

Irviparts  unsightly 
appearance  to  water. 
Deposits  In  water 
lines »  process  equip- 
ment ,  boilers,   etc . 
Interferes  with  most 
pruwooo  uses . 

Coagulation,  settling 
and  filtration. 

Color 

None — expressed  in 
analysis  as  "units" 
of  color  on  arbitrary 
scale. 

May  cause  foaming  in 
boilers .     Hinders  pre- 
cipitation methods  such 
as  Iron  removal ,  hot 
phosphate  softening. 
Can  stain  product  in 
process  use. 

Coagulation  and  filtra- 
tion. Chlorlnation. 
Absorption  by  activated 
carbon. 

Hardness 

Calcium  and  magnesium 
salts  expressed  as 
CaC03 . 

Chief  source  of  scale 
In  heat  exchange  equip- 
ment, boilers,  pipe 
lines,  etc.- 

Softening.     Distil  la tion 
Internal  boiler  water 
treatment.  Surface 
active  agents. 

Alkalinity 

Bicarbonate  (HCO3 ) 
carbonate  (CO3)  and 
hydroxide  (OH) 
expressed  as  CaC03. 

Foaml ng  and  ca  r  ryove  r 
of  solids  with  steam. 
Embrlttlement  of  boiler 
steel.     Bicarbonate  and 
carbonate  produce  CO2 
in  steam,  a  source  of 
corrosion. 

Lime  and  lime-soda 
softening.  Acid 
treatment.  Hydrogen 
zeolite  softening. 
Demi neralizat Ion. 
Dealkallzation  by  anion 
exchange. 
Distil lation. 

Table  1.     Common  Impurities  in  Water 
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CONSTITUENT 

CHEMICAL  FORMULA 

DIFFICULTIES  CAUSED 

MEANS  OF  TREATMENT 

Free  Uineral 
Acid 

H2SO4,   HCl,  etc. 

Corrosion. 

Neutralization  with 
alkalies. 

Carbon 
Dioxide 

CO2 

of  color  on  arbitrary 
seal  e  • 

Corrosion  in  water 
xxuco  unu  ptii^  L  xcuiariy 
Steam  and  condensate 
1 ines. 

Aeration.     Dearat  ion , 
Neut  r al iza  t ion  wi  th 
alkalies.     Filming  and 
neutralizing  amines. 

Iron 

Fe    (ferrous) 

Fe    (ferric) 

Discolors  water  on  pre- 
cipitation.    Source  of 
deposits  in  water 
1 ines f   boil ers ,  etc. 

Aeration.  Coagulation 
and  f 11 t ration ,  Lime 
sofenlng.  Cation 
exchange.     Contact  fll- 
ux^ci u xvjLi .      oui^xcicc  acuLve 
agents  for  iron  reten- 
tion. 

Oil 

Expressed  as  oil  or 
ether  extract ible 

Scale,   s 1 ud ge  a nd  f 0 am- 
ing  in  boilers. 

TmopdeiS   h(>8.t   f>xr*hn-nff  f> 

Undesirable  in  most 
processes . 

Baffle  separators , 
Strainers,   coagulat  ion 
ana   x  x  i  ui^ci  u  xv^a  ,  jJxauo- 
maceous  earth  filtra- 
tion. 

Oxygen 

0 

Corrosion  of  water 
lines,   heat  exchange 
equipment,  boilers, 
return  lines,   etc  - 

Deaeratlon ,   sodium  sul- 
fite.    Corrosion  inhib- 
itors. 

Table  1 .     Common  Impurities  in  Water  (Continued) 


Effects  of  Imparities  in  Water 


CARRYO/ER.     Carryover  Is  a  word  used  to  express  what  happens  in  a  boiler  when  water 
is  entrained  by  (carried  over  with)  the  steam.     The  amount  of  water  that  may  be 
tolerated  in  steam  depends  upon  its  use.     The  steam  contains  some  water  from  the  bits 
and  pieces  of  bursting  bubbles.     This  small  amount  usually  does  not  cause  trouble  in  a 
heating  system.     Modern  boiler  construction  usually  provides  for  removing  most  of  the 
water  before  the  steam  enters  the  distribution  system.     However,  care  must  be  taken  that 
the  water  level  is  not  so  high  that  carryover  actions  take  place  under  conditions  of 
swinging   load.     High  concentration  of  hydroxide  (causticity),   phosphate  and  other 
dissolved  and  suspended  solids  also  may  aggravate  carryover. 

FOAMING.     Foaming  is  one  cause  of  carryover.     It  is  the  production  of  froth  or 
unbroken  bubbles  on  the  surface  of  the  boiler  water.     The  froth  may  be  thin  with  a  few 
bubbles  overlying  each  other  or  it  may  build  up  and  fill  the  steam  space-     Froth  is 
close  to  steam  in  density,  and  it  is  difficult  to  separate  the  two.     The  moisture 
content  of  the  steajn  increases  under  such  conditions,   and  it  carries  a  large  load  of 
Impurities.     The  formation  of  froth  depends  on  the  roughness  of  the  films  that  contain 
the  steam  in  bubbles.     An  exceptionally  tough  fUm  will  not  break  easily  to  release  the 
steam.     One  common  cause  of  frothing  is  soap  that  enters  the  boiler  from  outside  sources 
or  is  formed  within  the  boiler  from  oils  or  animal  greases  In  the  feedwater.  Foaming 
may  also  result    rr<xn  combinations  of   finely  divided  solids  in  suspension  together  with  a 
high  concentration  of  salts  in  solution.     (See  figure  1.) 
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Figure  !•  Foaming 

•PRIMING.     Priming  is  another  cause  of  carryover.     It  is  an  action  in  which  slugs  of 
water  are  thrown  into  the  steam  space*     Even  pure  water  may  become  superheated  and 
suddenly  turn  to  steam.     The  force  tears  chunks  of  water  from  the  boiler-water  surface. 
One  common  cause  of  superheated  water  is  a  sudden  change  in  load.     The  breaking  away  of 
particles  of  scale  may  cause  priming  from  sudden  local  steaming  of  superheated  water. 
Smaller  slugs  of  water  may  be  carried  from  the  surface  when  the  steaming  rate  is  too 
high.     (See  figure  2.) 


Figure  2.  Priming 
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CAUSTIC  BOILER-SEAM  CRACKING.     Caustic  botler-seam  cracking  (oac©  called  '^caustic 
embrittlement  •)  results  from  the  action  of  very  alkaline  water  on  the  boiler  stel  in 
riveted  seams  and  at  boiler-tube  ends.     Since  the  cracks  form  in  seams  where  they  are 
not  easily  seen,  it  helps  that  most  of  the  time  such  cracks  spread  slowly  and  the  seams 
leak  to  give  warning  before  they  fail.     Explosions  have  occurred  where  this  leakage 
warning  was  disregarded,   and  nearby  people  were  killed. 

The  corrosion  action  Is  of  a  special  kind.     Steel  is  made  up  of  a  large  number  of  . 
single  crystals  or  grains  of  metal,  with  boundaries  where  each  crystal  joins  the  next  i 
one.     The  layer  or  film  of  black  Iron  oxide  over  a  boundary  behaves  a  little  differently 
to  some  chemicals  than  the  oxide  over  the  grains.     For  example,  the  layer  over  a 
boundary  can  be  penetrated  by  a  hot,   concentrated  solution  of  sodium  hydroxide.  This 
lets  the  hot  hydroxide  get  at  the  boundary  Itself.     Since  there  are  small  electrical 
differences  between  the  boundary  metal  and  the  oxide  over  the  grains,   cells  may  be  set 
up  to  start  corrosion.     The  steel  may  be  under  high  stress  for  much  action  to  take 
place,   but  corrosion  between  grains  can  hap  )en  at  a  lively  rate  if  everything  is  just 
right.     Cracks  form  when  the  corrosion  goes  deep  enough,   and  this  increases  the  speed  of 
the  process.     Failure  occurs  when  the  unsound  steel  no  longer  can  carry  the  load. 

The  boiler  water  cannot  corrode  steel  In  this  manner.     It  does  not  carry  a  high 
enough  concentration  of  sodium  hydroxide.     But  boiler  water  can  seep  Into  seams.  If 
there  Is  a  slight  steara  leak  from  the  seam,   the  sodium  hydroxide  in  solution  will  be 
left  in  the  seam  to  concentrate.     This  process  has  been  shown  to  produce  very  high 
concentration  of  the  hydroxide,   high  enough  to  cause  corrosion  and  cracking. 

The  steel  in  seams  is  usually  stressed  by  riveting  or  rolling  (tube  ends).  Thus, 
caustic  cracking  can  happen  if  hot  concentration  sodium  hydroxide  is  formed   In  such  a 
seam.     However,   this  special  kind  of  cracking  should  not  be  confused  with  other  types, 
such  as  "fatigue"  failures  that  are  caused  by  alternated  stress  and   "creep"  failures 
that  are  caused  by  overheating.      (See  figure  3.) 
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Figure  3.  Seam  Fatigue 
Effects  of  Increasing  Makeup  Water  Rate 

Makeup  water  brings  the  Impurities  we  have  discussed  previously  Into  the  boiler. 

Thus  it  is  logical   that.    If  more  impurities  are  brought  Into  the  boiler,   there  will  be 

ifvjro  treatmonl  re(|uired.     The  more  you  have  to  treat  the  boiler  the  Kroat<*r  the  cost  of 

maintaining  proper  chemical  concentrations,  plus  losses  in  efficiency  and  raan-hours  for 
treatment . 
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Major  Contributors  to  Hardness 


"^^^°ess  in  water  is  undesirable  because  the  effects  can  be  costly  and  dangerous  to 
p boiler  operation.     Hardness  is  caused  by  calcium  and/or  magnesium  salts  dissolved  in 
r  water.     In  many  cases,   it  is  usually  easier  to  dissolve  a  substance  in  hot  waterj 

however,  just  the  opposite  is  true  in  regards  to  hardness.     The  dissolved  minerals  which 
cause  hardness  will  "fall-out"  or  precipitate  from  the  boiling  water  as  it  is  headed  aSd 
the  pressure  Increases.     This  precipitate  which  "falls-out"  often  forms  scale  on  boiler 
tubes  and  acts  as  an  insulator.     The  heat  transfer  of  the  boiler  drops  and  fuel 
consumption  rises.     The  boiler  efficiency  is  greatly  reduced. 

A  precipitate  may  take  the  form  of  an  adherent  scale  or  sludge.     Sludge,  unless 
kept  fluid  and  removed  with  blowdown,  may  settle  on  metal  and  bake  to  an  adherent  scale. 
AS  adherent  scale  forms,   it  may  collect  sludge  particles  suspended  in  the  boiler  water, 
including  iron  rust  and  sand.     Thus,   scales  may  include  a  mixture  of  minerals  and  vary 
great  deal  in  composition. 


ry  a 

The  salts  In  boiler  water  do  not  have  an  entirely  independent  existence.  The 
amounts  of  each  salt  in  solution  and  the  interactions  of  the  many  ions  follow  definite 
laws  and  must  always  be  in  balance.     The  addition  or  removal  of  ions  or  salts  disturbs 
the  balance  and   leads  to  a  new  balance  formed  sometimes  quickly,   sometimes  slowly. 

Hardness  of  water  is  noticeable  in  the  home  and  laundries  because  it  forms  a  scum 
with  soap  and  reduces  formation  of  soap  lather. 

POTENTIAL  HYDROGEN  SCALE 

Definition  of  pH  is  the  logarithm  of  the  reciprocal  of  hydrogen-ion  concentration. 
It  is  also  a  number  between  0  and  14  indicating  degree  of  acidity  or  alkalinity.     The  pH 
scale  resembles  a  thermometer  or  hydrometer  scale.     Just  as  the  thermometer  measures 
intensity  of  heat  and  a  hydrometer  the  density  of  a  solution,   the  pH  scale  Indicates 
intensity  of  acidity  or  alkalinity,   see  figure  4. 

Midpoint  of  the  pH  scale  is  7  and  a  solution  with  this  pH  is  neutral-  Nambern 
below  7  denote  acidity;   those  above  alkalinity.     Since  pH  is  a  logarithmic  function, 
solutions  having  a  pH  of  6.0,  5.0  and  4.0  are  10,   100  and  1000  times  more  acid  than  one 
with  pH  of  7.0. 

Now  let's  apply  this  to  water  chemistry.     In  addition  to  molecules  of  HoO,  pure 
water  contains  separated  parts  of  molecules  called  hydrogen  ions  and  hydroxide  ions. 
Amounts  of  dissociation  is  constant  at  any  given  temperature.     At  25*C,   the  product  of 
the  H+  and  OH-  concentrations  is  1  X  10-14.     When  hydrogen-ion  concentration  changes 
the  hydroxide  ion  concntration  changes  in  proportion  and  always  in  the  opposite 
direction.     If  the  H+  ions  decrease,   the  OH  «  ions  increase  enough  so  product  of  the  two 
concentrations  at  25T  remains  1  X  10-14.     The  exponent  -14  is  the  basis  of  the  pH 
scale,  a  method  of  expressing  hydrogen-ion  concentration  in  terms  of  a  negative 
logarithm  to  the  base  10. 
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ACia  or  aiKaime  narure  or  a  solution  depends  on  whether  hydrogen  or  hydroxide  Ions 
predominate.     Ionic  theory  is  that  salts,   acids  and  bases  are  torn  apart  by  water 
molecules  to  form  positively  or  negatively  charged  fragments  called  ions.     When  acids 
are  mixed  with  water,   hydrogen-ion  is  one  result  of  the  breakup. 

In  a  mixture  of  bases  and  water,  hydroxide  ions  result.     Hydrogen-ions  make  a 
solution  acid;  hydroxide-ions  tend  to  make  it  alkaline.     When  the  solution  contains  one 
OH  ion  for  every  H  ion,   acid  effect  of  one  balances  the  alkaline  effect  of  the  other. 
Result  is  a  neutral  solution  with  a  pK  of  7.0. 

MAJOR  CONTRIBUTORS  TO  CORROSION 


Oxygen 


Consider  two  identical  boilers  installed  at  the  same  time  —  one  has  a  tube  to  fail 
within  one  year,   while  the  other  operates  constantly  for  ten  years  without  a  single  tube 
failure.     What  is  the  reason  for  the  great  difference?     Is  it  a  discrepancy  in  tube 
quality?     Possible,   but  the  most  probable  reason  is  corrosion.     Corrison  is  generally 
caused  by  improper  operating  and  roaintenance  procedures.     Almost  all  quick  corrosion 
failures  can  be  traced  to  conditions  of  tube  environment.     Oxygen  and  the  degree  of 
alkalinity  are  the  mechanisms  which  causes  pitting  and  is  the  most  common  form  of 
waterside  corrosion. 

In  slightly  acid  or  slightly  alkaline  solutions,   pitting  takes  place  at  a  rate 
which  depends  on  the  amount  of  oxygen  present  in  the  water.     In  strong  acid  solutions, 
steel  corrodes  uniformly  without  pitting.     Cold  water  can  hold  more  air  than  warm  water. 
The  bubbles  of  air  that  forms  as  a  boiler  begins  to  heat  up  are  very  destructive  to 
boiler  tubes.     This  '^bubble  pitting"  is  caused  by  relatively  higher  oxygea  concentration 
in  the  water.     Therefore,  as  much  air  as  possible  must  be  removed  from  the  boiler  water 
for  corrosion-free  operation. 


Carbon  Dioxide 


Corrosion  in  condensate  return  lines  and  associated  equipment  is  a  problem  at  many 
Air  Force  bases.     The  salts  and  causticity  in  the  boiler  water  are  not  volatile  and 
ordinarily  only  small  amounts  go  over  with  the  steam;  therefore,   the  condensate  is 
generally  rather  pure  water.     However,   carbon  dioxide  does  go  over  with  the  steam  and 
dissolves  in  the  condensate,   lowering  the  pH  of  return  condensate  and  making  it  more 
acid.     The  carbon  dioxide  is  more  corrosive  than  the  oxygen  which  leaks  in  at  pipe 
connections.     But  when  both  are  present,   the  problem  is  intensified  and  a  corrosion  | 
problem  is  likely  to  exist.     Acid  corrosion  usually  grooves  and  channels  the  bottom  of  ^ 
the  pipe;  frequently,  it  is  more  pronounced  Just  beyond  the  traps  of  hot-water 
generators  or  radiators.     Oxygen  corrosion  normally  pits  the  entire  circumference  of  the 
pipe. 


SUMMARY 


Two  general  sources  of  water  are  surface  waters  and  ground  waters.  Since  water  is 
a  universal  solvent,  many  impurities  are  dissolved  or  suspended  in  untreated  raw  water. 
The  Impurities   found  in  water  will  differ  with  the  different  geographical  locations. 

Surface  waters  usually  contain  a  high  concentration  of  organic  materials  such  as 
leaves,  silt,  vegetable  and  animal  organism;  sand  is  also  a  major  impurity  in  surface 
waters* 


Ground  waters  usually  contain  a  high  concentration  of  dissolved  minerals,   such  as 
calcium  and  magnesium  which  give  water  its  hardness  characteristics. 

The  ability  of  water  to  corrode  or  cause  scale  on  the  metal  surface  of  the  boiler 
is  determined  by  the  concentration  of  the  impurities  in  the  water. 

Water  containing  a  high  concentration  of  alkaline  could  cause  caustic  embrittlement 
and  scale,  while  water  with  a  high  acid  concentration  would  cause  corrosion. 
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QUESTIONS 

1.  What  are  four  sources  of  water? 

I 

2.  Two  examples  of  surface  water  are  and 

3.  Name  three  examples  of  suspended  impurities. 

4.  Alkaline  Is  caused  by  the  x>resence  of   

and  , 

5.  Explain  caustic  erabrittl ement . 

6.  What  are  the  two  main  contributors  that  cause  hard  water? 

7.  What  does  4,5  on  the  pH  scale  denote? 

8.  What  are  the  two  main  contributors  that  cause  corrosion  in  boilers  and  systems? 

j9.       Do  dissolved  gases  fot.id   naturally  in  water  have  a  harmful  effect  on  mechanical 
equipment? 

REFERENCES 

1.  AFM  85-12,  Volume  I,   Operation  and  Maintenance  of  Central  Heating  Plants  and 
Distribut ion  Systems • 

2.  AFM  85-31,    Industrial  Water  Treatment. 
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EXTERNAL  TREATMENT 

\ 

OBJECT  IVES 

Given  information,   determine  step-by-step  procedures  for  installation,  operation 
and  servicing  of  external  water  treatment  equipment  with  80%  accuracy. 

Given  information  and  equipment,    service  and  operate  demineral izing  equipment  with 
instructor  assistance. 

Using  the  soap  solution  and  EDTA  water  testing  equipment,    test  a  given  water  sample 
for  hardness  with  instructor  assistance* 

INTRODUCTION 

In  nature  the  forces  that  cause  scale  and  corrosion  are  as  constantly  in  action  as 
the  sea.     Everyone  has  seen  scale  and  corrosion  turn  useful  structures  into  crumbling 
skeletons;   productive  machines  into  frozen  hulks;   automobiles,   pipes  and  boilers  into 
piles  of   junk.     It  costs  the  Air  Force  millions  of  dollars  each  year.      It  dissipates  our 
resources  and  the  fruits  of  our   labor.     It  interrupts  productions.      It  causes  accidents. 

The  formation  of  scale  and  sludge  deposits  on  boiler  heating  surfaces  is  the  most 
serious  water  problem  encountered   in  steam  generation.     The  object  of   the  majority  of 
the  external   treatment  processes  is  to  remove  from  the  boiler  feedwater  those 
objectionable  substances  which  will  contribute  to  scale  or  deposit  formations  in  the 
boiler.     The  primary  causes  of  scale  formation  is  the  fact  that  the  solubilities  of 
scale^f orming  salts  decrease  with  the  increases  in  temperature.     The  actual  mechanism  of 
scale  deposition  can  be  viewed  as  taking  place  in  two  distinct  operations.     First,  the 
precipitation  from  solution  of  a  salt  such  as  calcium  carbonate  (CaCOs);  and  the 
second,   the  sedimentation  of  this  already  formed  precipitate  on  the  boiler  heating 
surfaces  where  it  bakes  in  place  as  scale. 

I  Corrosion  is  the  deterioration,   or  dissolving,  of  metals  by  chemical  reaction. 

Moisture  and  oxygen  are  always  present  and  are  the  important   factors.     For  any  given 
corrosion  reaction  involving  the  same  relative  quantities  of  combining  or  reacting 
elements,   the  rate  of  corrosion  is   increased  with  an  increase  in  temperature.  Likewise, 
increasing  or  decreasing  the  amount  of  oxygen  present  increases  or  decreases  the  rate  of 
corrosion.     The  conditions  causing  corrosion  are  numerous,   but  the  principal  causes  are 
dissolved  gases,   corrosive  salts,   acidity  and  electrolytic  (galvanic)  action. 

Different  metals  are  affected   to  different  degrees,   and  the  corrosive  attack  takes 
many  different  forms.     Attack  may  be  by  general  tarnishing  or  rusting  with  occasional 
perf ormations  in  especially  affected  areas.     Corrosion  often  develops  near  the  junction 
of  two  different  metals.     The  metal  may  suffer  highly  localized  attack  by  pitting.  The 
strength  of  a  metal   may  be  destroyed  by  cracking.     We  are  familiar  with  corrosion  in 
these  ways. 

From  information  above,   you  can  see  the  importance  of  this  subject  to  the  Air 
Force.      In   the  near  future,   the  dependability  and  performance  of  vital   defense  equipment 
may  well   depend  on  how  ski'i  ..f ul  you  become  in  scale  and  corrosion  control  maintenance. 

External   treatment  -Z^r^:   hardness  I3  divided  into  two  general  classifications:  the 
ion-exchange  methods,   v^ulch  exchange  ^cale-f orming  compounds  of  calcium  and  magnesium 
for  non-scale-formisg  comr  of  L'odium  or  hydrogen;  and  the  precipitation  method, 

which  separates  the  scale- formi'^g  Tr»-fi:torials  from  the  boiler  feedwater  before  it  enters 
the  boilers.  An  exaiople  ilie  former  is  the  zeolite  treatment  system;  of  the  latter, 
the  lime~soda  procestu 
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OPERATE  AND  SERVICE  DEMINERALIZING  EQUIPMENT 

Procedures  for  Removing  Dissolved  Impurities 

Many  of  the  purposes  of  boiler  water  treatment  are  best  achieved  by  mechanical 
means,   while  others  may  require  chemical  treatment.     The  use  of  feedwater  heaters,  blow- 
down,   steam  wap' ers  and  evaporators,   for  instance,   is  mechanical.     Elimination  of  leak^ 
throughout  the  plant  may  achieve  many  of  the  aims  of  boiler  water  treatment.     For  ^ 
example,  maintaining  a  high  rate  of  return  water  to  the  boiler  decreases  the  amount  of 
chemical  necessary  for  treating  the  boiler  water.     Proper  operation  of  feedwater  heaters 
and  venting  of  gases  may  give  adequate  control  of  corrosion  in  the  feed  lines  and 
boiler,  and  eliminates  the  need  for  certain  chemical  treatment  for  corrosion  control. 
Good  mechanical  housekeeping  throughout  the  plant  is  frequently  the  first  step  in 
eliminating  many  of  the  difficulties  associated  with  water  conditions.     For  complete 
accomplishment  of  all  the  aims  of  boiler-water  treatment,   it  is  necessary  to  combine 
controlled  treatment  of  chemicals  with  mechanical  treatment  and  noaintenance. 

Chemical  Precipitation  Process 

The  process  of  chemically  separating  one  substance  ''out'*  in  solid  form  from  a 
solution.     Example:     Lime-Soda  Softening  (Hot  and  Cold). 

LIME-SODA  SOFTENING.     Lime-soda  softening  is  employed  for  the  removal  of  hardness 
in  order  to  minimize  scale  and  sludge  in  boilers,  and  to  reduce  calcium  carbonate 
deposits  in  heat  exchange  systems  and  cooling  water  systems.     Incidental   to  the  removal 
of  hardness,   the  lime-soda  softening  process  will  generally  remove  iron,    free  carbon 
dioxide  and  turbidity.     The  treatment  process  is  accomplished  by  adding  lime  (calcium 
hydroxide  Ca  (0H(2))  and  soda  ash  (sodium  carbonate  Na2C03)  to  the  raw  water. 
Tills  process  is  carried  out  at  normal   raw  water  temperatures,   which  is  classified  as  the 
**cold  process"  or  at  temperatures  near  or  above  the  boiling  point,   referred  to  as  the 
"hot  process".     Lime-soda  softening  may  reduce  the  hardness  to  as  low  as  10  to  30  ppm. 

Hot  Lime-Soda  Softening.     Hot   lime-soda  softeners  are  all  similar  in  operation. 
The  process  is  continuous  and  is  carried  on  at  a  temperature  of  212"F.     Live  steam  or 
exhaust  c.team  is  used  as  a  heat  source.     Raw  water  enters  the  top  of  the  tank,  mixes 
with  the  chemicals  and  sprays  through  the  steam.     The  steam  heats  and  deaerates  the 
incoming  mixture.     The  sludge  settles  to  the  bottom  of  the  tank  and  the  clarified  water 
is  carried  to  a  deaerating  chamber  and  then  out  to  the  filter.     An  lllustation  of  the  M 
sludge-blanket  hot  process  softener  is  shown  in  figure  5.  ^ 

The  retention  time  for  this  type  of  softener  is  about  one  hour.     Usually  no 
coagulant  is  required  unless  the  incoming  water  is  fairly  turbid.     The  practical  limit 
of  turbidity   is  about  100  ppm.     The  effluent  from  this  process  has  a  hardness  of  about 
25  ppm  or  less  and  is  substantially  reduced  in  total  dissolved  solids,  alkalinity, 
SIO2  and  oxygen. 

Water  is  generally  filtered  after  either  the  hot  or  cold  lime-soda  process.  After 
cold  lime-soda  softening,  the  water  is  usually  run  through  a  re-carbonation  tank  before 
filtering.     In  this  process,  carbon  dioxide  is  added  to  the  treated  water  to  prevent 
further  precipitation.     This  prevent.s  precipitates  from  clogging  the  filter  bed  and  from 
forming  scale  in  distribution  lines  and  boilers.     An  anthracite  filter  is  used  ''ollowing 
hot  process  lime-soda  softening.     The  use  of  sand  is  discouraged  because  the  hot 
effluent  would  dissolve  some  silica  from  the  sand. 

Hot  Pi  jcess.  The  hot  lime-soda  process  is  well  suited  for  softening  water  that  is 
used  hot.  Boiler  makeup  water  pretreatment  is  the  most  common  application.  It  is  also 
used  for  commercial  processes,  such  as  paper  mills  and  chemical  plants. 

In  industrial  water  conditioning,  one  of  the  major  applications  of  aeration  is  in 
the  removal  of  the  corrosive  characteristics  imparted  to  water  by  the  presence  of  carbon 
dioxide  and  hydrogen  sulfide.     On  many  occasions  aeration  is  used  to  remove  the  carbon 
dioxide  liberated  by  a  treatment  process.     For  example,  in  boiler  feedwater  condition- 
lag,  it  is  comrTK>n  practice  to  acid-treat  the  effluent  from  a  sodium  zeolite  softener  in 
order  to  reduce  the  alkalinity  of  the  boiler  feedwater.     Carbon  dioxide  is  produced  as  a 
result  of  the  acid  treatment  and  aeration  is  employed  to  rid  the  water  of  this  corrosive 
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gas.     Similarly,   when  the  effluents  of  hydrogen  and  sodium  zeolite  units  are  blended, 
tile  carbon  dioxide  formed  Is  eliminated  by  aeration.     In  anlon-catlon  exchange,  aeration 
Is  similarly  used.     Forced  draft  aerators  are  usually  employed   In  these  applications. 

Ion  Exchangers 

Softening  water  Is  a  process  In  which  hardness,   caused  by  calcium  and  magnesium,  Is 
removed   from  the  water.     Those  elements  are  responsible  for  most  scale  and  sludge  In  ^ 
boilers.     Except  for  special  cases,   scale  prevention  Is  an  operation  In  which  something! 
Is  done  about  the  calcium  and  magnesium.     One  of  the  ways  of  preventing  this  scale 
outside  the  boiler  Is  called  "zeolite  softening**. 

A  group  of  minerals  called  zeolites,  mostly  made  up  of  sodium,  aluminum,   oxygen  and 
silicon,   have  the  property  of  exchanging  their  sodium  for  the  calcium  or  magnesium  in 
the  water.     When  this  happens,    the  sodium  goes  into  the  water  and  the  hardness  goes  tnto 
the  mineral.     This  action  can  be  reversed  by  passing  a  strong  solution  of  common  salt 
(NaCl)  through  the  bed  of  zeolite  material.     A  re-exchange  then  takes  place  owing  to  the 
high  concentration  of  sodium  in  th  brine.     This  re-exchange,   or   "regeneration"  of  the 
mineral,   restores  it  for  reuse  —  after  the  brine  is  drained  off  and  the  zeolites  are 
rinsed.     See  figure  6. 


Figure  6.     Manually  Operated  Zeolite  Softener 

Chemists  have  duplicated  natural  zeolites  by  controlling  the  union  between  sodium, 
aluminum,   silicon  and  oxygen.     These  synthetic  zeolite  minerals  can  be  made  to 
specifications  so  that  each  cubic  foot  of  material  will  have  a  predictable  capacity  for 
removing  hardness.     With  a  guaranteed  synthetic  zeolite,    the  operator  can  better  specify 
the  size  of  bed  he  will  need  for   the  amount  of  water  he  expects  to  soften  before 
regeneration* 
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NOTE:     All  zeolites  used  in  the  hydrogen  acid-cycle  have  to  be  watched  closely 
as  they  near  the  end  of  their  "run"  cycle;  over-exhaustion  will 
permanently  polarize  the  bed,  destroying  it. 

w         Zeolite  softening  is  the  use  of  one  of  these  zeolites  in  a  bed   (similar  to  a  filter 
bed)  to  remove  dissolved  calcium  and  mangesium  from  tyater.     The  bed  should  be  large 
enough  to  take  the  peak  rate  of  flow.     The  number  of  hours  before  regeneration  is  needed 
must  also  be  considered.      If  the  water  does  not  differ  much  in  hardness,  regeneration 
can  be  scheduled  by  reading  the  water  meter.     Otherwise,   the  water  coming  from  the 
softener  is  tested,   and  tne  bed  is  regenerated  when  it  begins  to  let  hardness  through. 
The  regenerating  brine,    together  with  the  extracted  calcium  and  magnesium  is  run  to 
waste,   and  the  bed  is  reusable  after  rinsing.     Regeneration  may  take  an  hour  or  more. 
The  operator  who  has  two  beds  can  switch  from  one  to  the  other  and  always  have  one  he 
can  use. 


ose 


v^iii^i^oxuis   unt?  rignt  zeoiixe  is  important.     Silicate  zeolites  vary   widely   in  excha 
capacity,  speed  of  regeneration,   durability  and  general  performance  characteristics. 
Some  are  dense  and  heavy,   and  others  are  porous  and  light.     High  rated  zeolites  may  lo 
much  of  their  exchange  capacity  after  a  few  regenerations.     They  may  even  become  mushy 
and  have  to  be  replaced.     Purchase  specifications  should  be  written  very  carefully  and 
the  purchased  zeolite  should  be  guaranteed. 

The  material  should  be  chosen  for  the  intended  use.     Silicate  zeolites  are  broken 
down  by  acid  or  alkaline  water;   the  safe  pH  range  is  reported  to  be  from  6.2  to  8.  The 
water  to  the  bed  should  not  be  warmer  than  about   100*F.      It  is  not  good  to  use  a  zeolite 
bed  as  a  filter  since  suspended  solids  such  as  clays,    ferric  hydroxide  or  calcium 
carbonate  clog  the  pores  of  the  mineral  and  destroy  capacity. 

The  raw  water  flows  downward  through  the  zeolite  bed  at  a  flow  rate  of  5  to  6 
gallons  per  minute  per  square  foot  of  area,   and  the  softened  water  then  collects  in  the 
underdrain  system.     The  softening  process  continues  until  the  zeolite  bed   is  exhausted 
and  regeneration  is   in  order.     The  length  of  time  between  regenerations  can  be 
determined  by  knowing  how  much  hardness  your  water  contains  and  how  much  hardness  the 
zeolite  will  remove. 

The  regeneration  solutions  for  sodium  cation  exchangers  is  usually  about  a  10 
percent  solution  of  common  salt.      It  is  injected  at  the  rate  of  3/4  gallons  per  cMbic 
foot  of  zeolite  per  minute.     The  amount  of  salt  used  for  regeneration  determines  the 
exchange  capacity  of  the  zeolite  bed  within  the  limits  of  the  particular  zeolite  used. 
For  a  polystyrene  exchange  material,   the  amount  of  salt  used  is  within  the  range  of  0.25 
to  0.45  pounds  per   100  grains  of  hardness  removed.     The  salt  dosage  can  be  adjusted  for 
variations  in  the  hardness  of  the  raw  water. 

Sulfuric  acid  is  used  as  a  regenerant  for  polystyrene  cation  exchangers  on  the 
hydrogen  cycle.     About  4  pounds  of  sulfuric  acid  per  cubic  foot  will  give  the  zeolite  a 
capacity  of  about  12,000  grains  per  cubic  foot.      If  sulfuric  acid  is  used,    it  must  be 
started  in  a  low  concentration,   about  two  percent  solution,   and  increased  in  steps  up  to 
an  eight  percent  solution  to  prevent  calcium  sulphate  from  precipitating  and  clogging 
the  bed.     Follow  the  recommendation  of  the  manufacturer. 

HYDROGEN  ZEOLITE.      Use  this  acid-cycle  softener  when  necossry   to  reduce  alkalinity 
and  soften  the  water  simultaneously  (reduce  the  bicarbonate  and  carbonate  alkalinity). 
Then  the  effluent  is  neutralized  by  blending  it  with  effluent  from  a  sodium-cycle 
softener,  an  alkali  solution,   or  raw  water  of   low  hardness  and  high  alkalinity. 

The  softened  effluent  has  a  high  carbon  dioxide  content  and  is  very  corrosive  when 
it  is  first  blended;   therefore,    it  must  be  degasified.     This  is  accomplished  with  a 
wooden  degasifier   installed  just  ahead  of  the  feedwater  heater.     Since  the  degasifying 
operation  aerates  the  water  highly,  particular  attention  roast  be  given  to  removing 
oxygen  from  feedwater  before  it  enters  the  boilers.     See    Hgure  7. 
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(Ion  Exchange  Demlneral izing  Process) 
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OPERATING  AND  SERVICING  ZEOLITE  SOFTENERS 
(ION  EXCHANGERS) 

I  When  the  zeolite  water  softener  is  in  opertton,  water  passes  down  through  the 

zeolite  where  ION  EXCHANGERS  take  place.     The  water  Is  softened  and  continues  on  to  the 
boiler  or  wherever  the  softened  water  is  to  be  used.     This  process  continues  until  the 
zeolite  becomes  exhausted  and  no  longer  softens  water.     This  is  determined  by  a  water 
hardness  test. 

When   the  zeolite  becomes  oxhausted.   It  no   longer   has  an  oxchanKn  capability.  -11 
the  sodium  or  hydrogen  ions  are  gone  an  the  zeolite  is  saturated  or   filled  with  caiclum 
and  magnesium. 

You  have  learned  the  softener  is  no  longer  softening  water.     This  doesn*t  mean  the 
zeolite  is  not  good.     It  only  means  the  sodium  or  hydrogen  Ions  are  gone  from  the 
zeolite.     The  ions  can  be  put  back  by  a  process  we  call   "regenerat  ion** ,  at  which  time 
the  unit  is  secured  so  as  to  NOT  allow  any  hard  water  to  go  to  the  boiler. 

Before  regenerating  the  zeolite  water  softeners,  you  must  check  the  concentration 
of  the  regeneration  solution.     Brine  (salt  water)   is  used  as  the  regenerate  for  the 
sodium  zeolite  ion  exchanger.     Hydrochloric  or  sulfuric  acid  and  water  is  used  with  the 
hydrogen  zeolite  as  a  regenerte.     A  hydrometer  is  used  to  check  the  concentration  of 
salt  in  the  brine  solution.     It  works  on  the  theory  of  specific  gravity.     When  allowed 
to  float  freely   in  the  solution,   a  reading  can  be  obtained  by  observing  the  point  on  the 
Baume  scale  which  is  parallel  to  the  surface  of  the  solution.     This  Baume  gravity 
reading  times  4  equals  the  approximate  percent  of  saturation. 

To  determine  the  concentration  of  acid  for  the  hydrogen  zeolite  softener,  you  would 
use  a  hydrometer  designed  for  the  particular  acid  you  are  using. 

There  are  three  steps  or  cycles  of  regeneration  called:     (1)  backwash,   (2)  regener- 
ation,  and   (3)  rinse.     Each  manufacturer  has  his  own  recommendations  and  specifications 
for  each  regenerating  cycle,   and  we  must  comply  for  proper  operation;  but,  the 
principles  of  operation  are  the  same  and  must  be  followed  in  order. 

I 

(1)  BACKWASH  -  When  we  backwash  the  zeolite  bed,   we  do  Just  as  the  name  of  the 

cycle  implies.     We  run  the  flow  of  water  backwards,   up  through 
the  zeolite  to  wash  the  zeolite  free  of  any  sediment  or  dirt 
and  regrade  the  bed  to  remove  any  channels  that  may  have 
developed.     All  backwash  water  goes  down  the  drain. 

(2)  REGENERATION  -  The  regeneration  cycle  is  when  the  zeolite  bed  is  brought  back 

to  life  or  given  back  its  softening  capability.     This  is  done 
by  passing  a  solution  of  sodium  or  hydrogen  through  the  zeolite 
bed  to  remove  the  calcium  and  magnesium  from  the  zeolite. 
Sodium  or  hydrogen  take  their  place  by   ION  EXCHANGE.     All  the 
calcium  and  magnesium  that  comes  off  the  zeolite  will  go  down 
the  drain. 


(3)     RINSE  - 


Here  again  we  are  doing  Just  as  the  name  of  the  cycle  says,  we 
are  "RINSING"  the  excess  regeneration  solution  from  the  zeolite 
bed  to  prevent  It  from  going  into  our  boilers.     The  rinse  water 
a Iso  goes  down  the  drain . 


Regeneration  is  now  complete  and  the  water  softener  can  be  placed  back  in  service 
to  produce  soft  water  for  our  equipment. 

Ion  exchangers  are  designed  much  the  same  as  filters.     They  may  operate  either  by 
gravity  flow  or  under  pressure.     The  pressure  type  is  the  one  most  commonly  used  for 
industrial  water  softening  because  of  the  smaller  space  requirements  and  lower  installa- 
tion cost.     Figure  8  shows  a  typical  design.     The  zeolite  bed  is  supported  by  a  bed  of 
graded  quartz  gravel  about  12  inches  deep.     The  zeolite  bed  should  be  at  least  30  inches 
deep  and  the  headroom  should  be  at  least  50  percent  of  the  depth  of  zeolite. 

Servicing 

'  Follow  manufacturer's  specifications. 
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Figure  8.     Typical  Zeolite  Softener 

Brine  Test 

The  brine  test  Is  used  to  determine  the  brine  solution  concentration  to  Insure 
proper  regeneration  of  the  sodium  zeolite  softener. 

  Fill  the  cylinder  with  the  brine  solution  to  be  tested  (brine  to  be  obtained 

or  drawn  from  the  brine  tank)* 

  Place  the  hydrometer  in  the  brine  solution  and  allow  to  stabilize. 

  The  degree  of  Baume  gravity  of  the  solution  is  obtained  from  the  stem  reading 

at  the  point  where  the  surface  of  the  brlns  touches  the  stem. 

  The  brine  should  test  24. 6^  Baume  gravity.     This  represents  100  percent 

saturation. 

NOTE:     Braume  gravity  reading  times  four  equals  approximate  percent  of 
saturation. 

Degasing  Equipmen t 

Carbon  dioxide  will  be  formed  whenever  ion  exchange,   direct  acid  treatment  or 
chemical  precipitation  is  used  to  remove  impurities  from  water.     To  neutralize  this 
formation  of  C02»   some  method  of  degasing  the  water  must  be  used.     The  two  most  common 
methods  are:     aeration  and  deaeratlon. 

AERATION 

Aeration  consists  essentially  of  exposing  as  much  water  surface  as  possible  to  the 
air.     During  aeration,   gases  dissolved  in  the  water  supply  are  released  to  the  atmos- 
phere; soluble  iron  salts  are  oxidized  and  become  insoluble  so  they  can  be  removed  by 
settling.     Aeration  rises  the  pH  by  eliminating  dissolved  carbon  dioxide  but  increases 
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corroslveness  by  increasing  the  amount  of  dissolved  oxygen.     Types  of  aerators  consist 
of  overflowing  trays  or  trays  containing  slats  or  coke  over  which  the  water  is  sprayed 
(figure  9).     Other  methods  of  aeration  include  spraying  water  up  over  a  shallow 
receiving  basin,  and  forcing  air  into  a  basin  with  diffuscrs  or  mechanical  pump  type 
aerators  similar  to  those  uQed  in  sewage  treatment.     Operation  of  most  aerators  is 
practically  automatic;  operators'   duties  consist  essentially  of  making  sure  pipes,  slots 
and  surfaces  are  not  clogged  anu  that  air  has  free  access  to  the  water.     If  the  water  Is 
not  to  be  filtered  after  aeration,   aerators  must  be  screened  with  fine  screen  to  keep 
out  insects  and  other  foreign  matter. 


Figure  9.     Forced  Draft  Aerator   (Tray  Type) 


DEAERATION 

Mechanical  deaeration,   pertaining  to  boiler  feedwater  treatment,    is  the  removal  of 
dissolved  gases  such  as  oxygen,   carbon  dioxide  and  ammonia  by  the  process  of  raising  the 
water  to  the  saturation  temperature  for  the  pressure  under  which  the  process  is 
conducted • 

TYPES  OP  DEAERATING  EQUIPMENT.     The  Heat  Exchange  Institute  uses  the  amount  of 
oxygen  removed  from  feedwater  to  differentiate  between  open  heaters,  deaerating  heaters 
and  deaerators.     According  to  their  standards,  open  heaters  should  remove  all  oxygen 
about  0.20  cc  (cubic  centimeters)  per  liter;  deaerating  heaters,  all  in  excess  of  0.03 
ml   (milliliter)  per  liter;  and  deaerators,   all  in  excei^s  of  0.005  ml  per  liter.  (A 
normal  guarantee  of  ''less  than  0.005  ml  per  liter  of  oxygen''  means  less  than  seven 
pounds  of  oxygen  in  a  billion  pounds  of  water.) 
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PRINCIPLES  OF  OPERATION.      In  the  removal  of  oxygen  from  water,   90  to  95  percent  of 
th©  initial  free  oxygen  content  can  be  removed  when  the  water  is  heated  to  the 
saturation  temperatue  for  the  pressure  imposed  on  the  system.     The  remaining  5  to  10 
percent  of  the  oxygen  (Free  O2)  content  can  be  removed  through  molecular  diffusion  or 
scrubbing • 

In  accordance  with  the  basic  principles  contained  in  the  laws  applicable  to 
behavior  of  gases,   removal  of  a  dissolved  gas  from  water  can  be  effected  by  reducing  th^ 
partial  pressure  of  that  gas  in  the  surrounding  atmosphere,   egardless  of  the  total  m 
pressure  on  teh  system.     The  simplest  manner  in  which  this  can  be  accomplished  is  to 
bubble  another  gas  through  the  water  or  to  spray  the  water  into  a  coun tercurren t  flow  of 
the  gas  (molecular  diffusion),  while  providing  for  free  venting  of  the  gas  from  the 
system. 

Kxhaust  steam  from  other  plant  equipment  is  often  used   to  bring  the  Teedwater  to 
its  saturation  point  for  deaeration. 

Oxygen  can  be  removed  from  water  by  passing  another  gas  counterflow  to  falling 
streams  of  water.     Air  could  not  be  used  for  this  purpose  because  of  its  high  oxygen 
content.     Nitrogen  could  be  employed,   but  the  cost  would  make  the  process  impracticable. 
The  most  practical  method  of  removing  dissolved  oxygen  from  boiler  feedwater  is  by  using 
a  readily  available  gas,   to  perform  this  molecular  diffusion.     Steam  is  ideal  for  this 
purpose  as  the  thermodynamic  principles  of  steam  can  be  used  to  raise  the  water  to  its 
saturation  temperature.     The  process  of  deaeration  using  the  scrubbing  action  of  steam, 
is  usually  accomplished  through  one  of  the  following  methods. 

Tray  Deaerating  Heater.     Figure  10  illustrates  a  tray-type  deaerating  heater.  In 
operation,  water  passes  through  the  vent  condenser,  enters  the  spray  distributor  and  is 
sprayed  upward.     The  water  breaks  into  sma:>  1  droplets  and  comes  into  intimate  contact 
with  the  steam  in  that  section.     The  bulb  of  the  noncondensable  gases  is  liberated  there 
and  the  water  is  heated  almost  to  steam  temperature.     Cascading  through  heating  and  air- 
separating  traps,   the  water  reaches  the  temperature  of  the  saturated  steam  corresponding 
to  the  pressure  in  the  unit,   and  the  gases  are  completely   liberated.     The  deaerated 
water  then  passes  from  the  tray  section  into  the  storage  reservoir.     A  nearly  constant 
water  level  is  maintained  by  float-operated  valves,  which  admit  water  in  proportion  to 
the  demand.     The  steam  enters  through  a  nozzle  in  the  side  oi  the  shell,   flows  through 
perf ormations  in  the  top  plate  of  the  tray  section,   and  meets  the  water  sprayed  upwards 
from  the  distributor.     Here,  most  of  the  steam  is  condensed.     After  passing  through  the 
tray  stack,   the  remaininfr  steam  and  the  noncondensable  gases  enter  the  vent  condenser.  ^ 
Here  the  gases  are  dischargd  to  the  atmosphere,  and  the  steam  is  condensed  and  drained  S 
back  into  the  unit.  ^ 
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WATER  OUTLET 


Figure  10.     A  Tray -Type  Deaerating  Heater 
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Spray  Deaerating  Heater,     Figure  11  illustrates  a  spray  deaerating  heater.  In 
this  unit,  spray  valves  break  up  the  water  instead  of  cascading  it  through  trays •  The 
preheated  water  is  scrubbed  by  the  entering  steam  and  heated  to  saturation  temperature, 
and  the  gases  are  liberated.   The  vent  condenser  (see  figure  11)  usually  consists  of  a 
shell  and  a  head  with  a  removable  bundle  of  U-tubes  expanded  into  a  tube  sheet.  The 
incoming  cold  water  circulates  through  the  tubes,  and  the  condensed  steam  drains  back  to 
the  heater. 


Figure  11.     Spray-Type  Deaerating  Heater 
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Spray  Open  Heater,      In  figure  12,   a  spray  open  heater  Is  shown-     This  heater  heats 
the  water  to  within  3*  or  4*  of  steam  temperature  by  spraying  It  through  steam.     It  does 
not  use  the  steam  scrubber  employed  In  the  deaeratlng  heater  Illustrated  In  figure  11. 
|Thls  heater  reduces  the  oxygen  to  less  than  0.30  cc  per  liter. 
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Figure  12.   A  Spray  Open  Heater 
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Service  Instructions  for  Deaerating  Equipment 

Annually  clean  the  deaerating  equipment  to  remove  dirt,   scale,   rust  and  other 
Impurities  from  Inside  the  equipment. 

  Check  all  valves  for  proper  operation. 

  Check  pressure  gauges. 

  Check  and  clean  temperature  gauges. 

  Check  and  clean  the  steam  nozzles  and  repair  as  needed. 

  Repair  and  clean  trays  as  needed. 

  Replace  any   fittings  which  are  corroded. 

  Place  all  parts  and  equipment  back  in  deaerating  equipment  after  inspection  or 

repair  lAW  manufacturer's  instructions. 

Deaerating  Heater  Test 

The  accurate  way   to  check  the  performance  of  a  deaerating  feedwater  heater  is  to 

find  out  how  much  dissolved  oxygen  is  left  in  the  deaerated  feedwater.     Most  federal 

heating  plants  are  not  equipped  to  run  this  test,  but  a  simple  color   test  is  usually 
available  to  operators. 

An  efficiently  operated  deaerating  heater  will  remove  nearly  all  the  dissolved  gas 
from  the  feedwater.     This  Includes  the  iiree  carbon  dioxide  in  addition  to  the  oxygen. 
Also,  part  of  the  carbon  dioxide  in  the  makeup  water  alkalinity  is  given  up  to  the  steam 
in  the  heater  and  is  vented  with  uncondensed  gases. 

Most  feedwaters,  before  deaeratlon,  contain  blcarbonates  but  no  carbonates.     The  pH 
of  such  feedwater  will  rise  during  good  deaertlon.   Removing  part  of  the  carbon  dioxide 
from  a  bicarbonate  changes  it  to  a  carbonate,   which  is  more  caustic*     Carbonate  in 
feedwater  turns  pheno lophthaleln  indicator  red  because  of  this  causticity.  Well- 
deaerated  feedwater  is  given  a  very  distinct  pink  color  when  phenolphthalein  indicator 
is  added. 

To  make  sure  that  you  can  use  this  test  in  your  plant,   add  one  part  of  your  makeup' 
water  to  about  four  parts  of  condensate  in  a  100-mll 1 11  iter  breaker  and  see  if  three 
drops  of  phenolphthalein  Indicator  turns  the  mixture  red.     This  test  cannot  be  used  in 
the  very  few  cases  where  the  pH  of  the  feedwater  is  already  high  before  it  is  deaerated. 

Direct  Acid  Treatment 

Acid  treatment  of  boiler  feedwater  is  the  continuous  addition  of  acid  to  the  water 
to  correct  a  condition  of  excess  alkalinity  or  undesirably  high  pH.     Acid  treatment  is 
becoming  common.     With  proper  acid  feeding  equipment  such  as  modern  proportional  feed 
devices  and  pH  control  equipment,    it  is  no  longer  a  hazardous  operation.     Acid  treatment 
of  boiler  feedwater  is  normally  conducted  for  the  prevention  of  zeolite  disintegration 
by  reducing  the  pH  valve  of  high  alkaline  Influent  waters. 

WATER  HARDNESS  TESTS 


Analyzing  the  water  is  the  process  of  determining  how  much  of  various  substances 
are  present  within  the  water.     Complete  analysis  of  watr  is  a  Job  for  an  experienced 
chemist,   but  operators  should  learn  to  make  routine  tests  for  control  of  feedwater 
treatment.     Two  tests  which  are  normally  performed  by  the  operator  are  for  water 
hardness  and  brine  concentration. 


Calcium  and  magnesium  slats  cause  hardness  in  water,   scale  in  boilers  and  the 
inhibition  of  soap  lather,   as  discussed  before. 
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If  hardness  Is  responsible   for  bo  many  bad  conditions  in  water,  we  should  determine 
Just  how  hard  the     vUr  is  before  it  goes  into  the  boiler.     One  of  the  methods  used  to 
|determine  hardness  is  called  the  "SOAP  a  ^.RDNESS  TEST".     Soap  is  used   in  a  samplo  of 
Fwcter  to  achieve  a  soap  lather.     The  more  soap  needed  for  a   lather,   the  harder  the 
water. 

Another  method  of  testing  water  fc^   hardness  is  the  "VOLUMETRIC  HARDNESS  TEST", 
which  is  more  accurate  than  tho  soap  hardness  test,   but  more  elaborate  test  equipment  is 
nec<iod  ' 

PERFORMING  EXTERNAL  TREATMENT  TESTIf^G 

Analyzing  a  water  sample  is  the  process  of  determining  how  much  of  various 
substances  are  present  within  the  water.     Complete  analysis  of  water  is  a  Job  for  an 
experienced  chemist,   but  operators  should  learn  to  make  the  routine  tests  that  are 
necessary  for  the  control  of  feedwater  treatment.     Such  tests  that  are  necessary 
especially  in  softening  processes  are  tests  for  water  hardness,   the  brine  test  and  the 
deaerating  test. 

A  standard  soap  solution  is  one  of  the  items  needed  in  order  to  perform  tests  for 
hard  water  and  soft  water.     Many  different  soap  solutions  may  be  purchased;  however, 
each  one  does  not  have  the  same   lather  factor.     The  lather  factor  must  be  known  before 
the  soap  hardness  test  can  be  performed.     The   lather  factor  on  most  standard  soap 
solutions  will  be  clearly  marked  on  the   label.     When  the   lather  factor  is  not  known,  the 
following   information  can  be  used  as  a  guide  in  determining  the  lather  factor  of  a 
standard  soap  solution. 

  Prepare  about  one-half  pint  of  pure  distilled  water,   having  less  than  .5  ppm 

of  chloride. 

  Pour  30  ml  of  the  distilled  water  into  an  8-ounce  bottle. 


  Using  a  .5  ml  dropper,   put  one  drop  of  standard  soap  solution  into  the  bottle 

containing  the  distilled  water.  Stopper  the  bottle  and  shake  vigorously,  then 
lay  the  bottle  on  its  side  and  observe  the  lather  formed. 

  If  the  lather  formed  persists  and  completely  covers  the  surface  of  the  water 

for  five  minutes,  one  drop  will  be  your  lather  factor  for  this  particular 
solution.     If  not,   continue  adding  drops  until  you  find  out  how  many  drops  in 
the   lather  factor.     Once  this  information  is  known,   record  the  amount  of  drops 
as  the  lather  factor. 

  Once  the  lather  factor  is  known,   we  are  ready  for  the  hardness  test  using  the 

standard  soap  solution. 

Hardness  Test,   Using  Soap  Solution 

  Pour  30  ml  of  the  sample  to  be  tested  into  an  8-ounce  bottle. 

  Using  a   .5  ml  dropper,   add  drops  of  standard  soap  solution  to  the  sample  a 

drop  at  a  time.     After  each  drop,   shake  vigorously;   repeat  this  step  until  a 
lather  can  be  formed  that  will   last  five  minutes  while  the  bottle  is  lying  on 
its  side. 

  After  a  lather  has  formed  that  will   last  five  minutes  without  breaking  up, 

take  the  total  drops  used  and  deduct  the  amount  of  drops  required  by  the 
lather  factor.     The  remaining  drops  left  will  equal  GPG  (grains  per  gallon) 
hardness  of  the  sample.  To  change  GPG  to  ppm  (parts  per  million),  multiply  GPG 
by  17.1. 

EXAMPLE:     The  amount  of  soap  solution  usd  11  arops,    lather  factor  1  drop. 

Deduct  1  from  10,    lei^ving  10  drops;    10  drops  are  equal  to  10  GPG. 
To  change  GPG  to  ppm,  multiply  10  by  17.1  which  equals  171  ppm 
hardness. 

  Rinse  and  clean  all  test  equipment. 
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Me«4.surlng  Total  Hardness  by  Volumetric  Titration  with  a  Versenate  EOTA  (Dlso»^inm 
Ethylene  Diamine  Tetra  Acetic  Acid)  Solution 


Measure  50  ml  of  water  sample  in  a  graduated  cylinder  and  then  pour  into  a 
casserole. 

Add   .5  ml  of   total  hardness  buffer  solution  and  mix  using  the  rubber-t ioped 
end  of  the  stirring  rod. 

Add  one  measure  of  hardness  indicator  powder;  if  powder  is  not  available,  use 
hardness  indicator  tablet  and  pulverize  using  the  glass  stirring  rod. 

Fill  the  burette  to  the  zero  vDa,r^^  with  versenate  hardness  reagent  which  is 
done  by  squeezing  the  plastic  bottle  attached  to  the  automatic  burettes. 

Slowly  add  the  Lardness  reagent  while  mixing  constantly.     The  end  point  is  a 
blue  color.     Specifically,    it  is  the  blue  color  that   is  present  when  the  last 
trace  of  reddish  color  has  Just  faded. 

Read  the  number  of  ml  on  the  burette  and  determine  the  ppm  of  total  as  CaC03 
by  using  the  fomula  20  X  ml  of  titrating  solution,   and   record  the  answer. 

Rinse  and  clean  all  equipment. 


The  renoval  of  iron,   carbon  dioxide  and  turbidity  is  best  achieved  by  the  chemical 
precipitation  methods  of  Cold  Process  Lime-Soda  Softening  or  Hot  Process  Lime-Soda 
Softening.     Aeration  is  a  method  that  is  used  primarily  to  remove  carbon  dioxide  and 
hydrogen  sulfide,  which  causes  corrosion.     Aeration  results  in  saturating  water  with 
oxygen,   a  corrosive  gas.     Deaeration  is  a  process  that  removes  the  gases  of  oxygen, 
carbon  dioxide  and  ammonia  from  the  water.     Direct  acid  feed  is  sometimes  required  to 
help  neutralize  an  excess  of  alkalinity. 

QUESTIONS 

1.       What  is  meant  by  clarification  of  water? 


2.       How  is  coagulation  achieved? 


3.       Why  are  coagulation  and  filtration  sometimes  used  In  conjunction? 


4*       Explain  the  ION  exchange  principle. 


5.       Name  two  types  of  chemical  precipitation  processes. 


6.       What  is  the  purpose  of  a  deaerator? 


7.       What  is  the  purpose  of  an  aerator? 


8.       How  can  the  pH  level  of  water  be  lowered? 


SUMMARY 
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Name  two  hardness  tests. 


10,  What   Is  lather  factor? 

11.  What  Is  the  X-f actor  between  grains  per  gallon  and  parts  per  million  on  the  soap 
test? 
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INTERNAL  TREATMENT 

I 

OBJECT  IVES 


with  SOrLcuJa™?^'''"'  Identify  principles  related  to  internal  boiler  water  treatment 
instrSc^JJ  issJsJtJcJ?'  ""^""^  precision  measuring  instruments  with 

i^i^^T^'*®  step-by-step  procedures,  draw  water  sample  and  determine  chemical 
?ntrations  in  a  steam  boiler  with  instructor  assistance. 


conceni 


with  80%^accII^acy?*^°°'   ^''P^^^"  ^^^^"^  pertaining  to  condensate  return  treatment 

1  n=i-r.n):^^^  step-by-step  procedures,   test  and  treat  condensate  return  water  with 
instructor  assistance. 

INTRODUCTION 

Regardless  of  whether  one  ic  concerned  with  manpower  or  materials,  well-laid  olans 
will  normally  fall  by  the  waysido  if  a  means  of  controlling  is  not  included  in  the 
^Icfor^in  J^ifol.^  particularly  true  of  boiler  feedwater  treatment.     The  most  important 
if  Ihl  Jh^S?    ?     water  treatment  for  prevention  of  scale  and  corrosion  is  proper  control 
of  the  chemicals  used  in  treatment.     Unless  all  treatment  chemicals  are  controlled 


Tin  iLf^  i  thf  treatment  is  ineffective,   steam  contamination  may  result, 

n^fi??v«^     It.  ^"i^!""  'f^l  Frequent  testing  at  stated  intervals  is  the  only 

positive  method  for  determining  the  concentration  of  chemicals  in  the  boiler.  By 

boiler,  we  are  able  to  determine  the  amount 
chemicals  that  will  have  to  be  added  to  maintain  the  specified  limits 


INFORMATION 

OBJECTIVES  OF   INTERNAL  TREATMENT 

,  ^H°5®'^°^l**'^?^*5??°*».*?r  scale  prevention  would  serve  no  useful  purpose  if  the  sludge 

formed  deposits  in  the  boiler,  expecially  where  the  heat  is  ccxning  through  from  the 
fire.     Sludges  often  have  to  be  "helped"  so  that  they  will  be  carried  along  with  the 
coJdltloneil"''®  boiler  with  the  blowdown.     Additives  that  do  this  are  called  "sludge 

When  precipitates  form  in  the  boiler  water,   the  character  of  the  sludge  can  vary 
depending  on  conditions  in  the  boiler.     Sometimes,   the  particles  are  fine  and  sometimes 
-ourse.     Some  sludge  floe  will  and  some  do  not.     The  main  thing  is  how  the  sludge  flows 
nd  it  was  discovered  early  that  some  additives  cause  the  sludge  to  flow  better.     Most  ' 


rm  a 
the 


These  colloids  act  something  like  a  gelatin  in  the  boiler  wat 


the  very  best  additives  of  this  kind.  Vegetable  products,  known  as  tannins,  are  used  a 
great  deal  and  one  of  these,  extracted  from  quebracho  *ood,  is  used  in  many  government- 
operated  boilers.     A  related  class  is  the  lignins  that  are  left  over  when  paper  is  made 
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from  wood.  Starch  Is  used  on  many  Navy  ships,  where  the  large  araoui^t  of  chlorides  in 
the  water  causes  special  problems.  Another  common  colloid  additive  Is  extracted  from 
seaweed. 


What  substances  to  use  and  how  much  are  learned  largely  through  experience, 
watching  how  the  sludge  behaves.     For  example,   quebracho  tannin  has  given  very  good 
results  In  heating  plant  boilers  (pressures  to  250  psl ) .     However,  charring  and  black 
deposits  have  been  reported  In  some  of  the  higher-presoure  power  plants  and 
process-steam  boilers  In  which  this  tannin  wr s  used.     The  reported  depoclts  were 
probably  formed  because  the  feedwater  treatment  had  not  been  well  planned.     The  point 
that  quebracho  tannin  did  not  keep  the  poor-grade  sludge  fluid,     lu  these  same 
situations,   certain  lignln-class  chemicals  are  often  better  sludge  conditioners;  but, 
these  too  can  cause  black  deposits  In  high-pressure  bollders. 

Formation  of  Scale  and  Deposits  In  Boilers 

Minerals  or  salts  present  In  the  feedwater  In  dilute  form  become  concentrated  In 
the  boiler  water.     The  slightly  soluble  minerals  can  therefore  deposit  or  precipitate 
out  of  the  boiler.     They  may  come  out  in  the  form  of  a  scale  on  the  boiler  surface  or  In 
the  form  of  a  sludge  throughout  the  body  of  the  boiler  water. 

The  slightly  soluble  materials  Include  calcliun  sulfate,   calcium  carbonate,  and 
magnesium  hydroxide  and,  where  phosphate  treatment  Is  used,  calcium  phosphate  Is 
precipitated  and  a  magnesium  phosphate  deposit  can  be  formed.     Very  soluble  salts 
present  in  a  boiler  water  which  do  not  come  out  of  solution  Include  principally  the 
sodium  salts,   such  as  sodium  carbonate,   sodium  sulfate,   sodium  chloride  and  sodium 
nitrate,  and  also  any  potassium  salts. 

CALCIUM  CARBONATE  DEPOSITS.     Calcium  blcarbonates  present  in  feedwater  decomposes 
in  the  boiler  to  form  calcium  carbonate,   usually  mostly  as  a  sludge.     The  concentration 
of  calcium  bicarbonate  in  a  vater  may  be  quite  high.     In  such  Instances  calcium 
carbonate  can  deposit  in  the  fscciwater  heater  or  in  the  boiler  feed   ?-  nes  because  of  th-. 
temperature  to  which  feedwater  is  ordinarily  heated.     Deposition  of  the  calcium 
carbonate  becomes  more  rapid  at  the  temperature  in  the  boiler.     If  the  deposition  occuvs 
in  a  water  low  in  causticity,  as  it  has  not  yet  mixed  with  the  concentrated  caustic 
boiler  water.     Considerable  calcium  carbonate  deposit  may  therefore  accumulate  at  the* 
feedwater  inlet.     Under  the  Influence  of  heat,   this  deposit  can  be  baked  on  and  become 
similar  to  a  thick,  hard  scale.     Ox^dlnarlly,  the  calcium  carbonate  kludge  can  be  removed 
by  blowdown.     Sometimes  it  may  not  be  sufficiently  fluid  to  be  carried  well  enough  in 
the  circulating  boiler  water,   so  that  it  settles  and  is  baked  to  a  thick,  hard  scale. 

CALCIUM  SULFATE  SCALE.     This  salt  is  somewhat  soluble  in  cold  water,   but  its 
solubility  decreases  as  the  temperature  of  the  water  Increases.     It  can  therefore 
deposit  directly  on  the  boiler  surface  where  the  boiler  :?ater  is  hottest  and  form  a  hard 
scale,  which  builds  up  in  thickness. 

MAGNFSIUM  DEPOSITS.     Magnesium  bicarbonate  present  in  a  water  decomposes  under  the 
Influence  of  heat,   to  form  magnesium  carbonate.     These  magnesiiun  deposits  can  form,  to 
some  extent,   in  boiler  feed  lines  or  at  the  boiler  feed  inlet  in   ^hc  same  way  as  calcium 
carbonate  to  form  a  hard  scale.     In  the  boiler,  magnesium  hydroxide  may  form  as  a  sticky 
sludge  and  adhere  to  boiler  surfaces.     Under  some  conditions,  however,  magnesium 
deposits  can  form  in  hard  scales  or  baked-on  sludges. 

FACTORS  CONTROLLING  BOILER  WATER  TREATMENT 

Many  factors     in  addition  to  proper  chemical  feed,  affect  the  control  of  treatment- 
chemical  concentrations  in  boiler  water.     These  factors  are  operational  as  well  as 
mechanical • 

Variation  in  Condensate  Losses 

Extreme  variation  In  the  amount  of  concensate  returned,  caused  by  Improper  pump 
operation  and  maintenance,   lowers  the  concentrations  of  treatment  chemicals  in  boiler 
water.     This  is  due  to  high  makeup  rate  when  appreciable  condensate  losses  occur.  The 
high  makeup"  rate  Imposes  an  excessive  demand  for  chemical  treatment  above  that  normally 
fed  when  all  return  pumps  are  operating  properly.     To  remedy  thxs,   check  the  area  from 
which  the  condensate  is  returned  and  see  that  pumps  are  operati  perly-     High  makeup 

rates  complicate  the  problem  of  chemical  treatment  cont.rol. 
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Blowdown 


excessive  or  incorrectly  times  boiler  blowdown  also   loieers  the  concentrations  of 
treatment  chemicals  in  a  boiler.     Give  blowdowns  only  when  chemical  tests  show  they  are 
needed;   emphasize  particularly  the  results  of  the  dissolved-solids  test.      Blowdowns  must 
be  given  before  treatment  chemical   is  added,   unless  supplementary  batch  or  automatic 
intermittent  feed  over  a  24-hour  period  will  maintain  adequate  concentrations  of 
treatment  chemicals  in  the  boilers  throughout  the  blowdown.     Do  not  fill  the  boiler  with 
water  Just  before  the  blowdown. 

Scaled  Boilers 

Scale  is  a  crystalline  deposit   formed  on  the  evaporating  surfaces  of   the  boiler. 
The  most  cominon  scales  in  heating  boilers  are  calcium  carbonate  and  calcium  sulfate. 
These  deposits,    if  allowed   to  become  thick  enough,   will   cause  the  boiler  metal  to 
overheat  and  fail.     The  presence  of  scale  is  evidence  of   ineffective  water  treatment. 
These  scales  can  be  removed  by  chemical   solvents.     However,    this  is  a  specialized  and  a 
hazardous  process.     The  guidance  of  an  engineer  experienced  in  chemical  cleaning  is 
advisable  to  determine  if  a  special  water  treatment  or  chemical   cleaning  will  remove  the 
scale. 

REQUIREMENTS  FOR  TREATMENT 

Boiler  Classifications 

The  basic  requirements   for  treating  boiler  water  vary  with  water  quality  and  boiler 
construction,   materials,   operating  pressure,   capacity  and  design.     Steam  boilers  are 
generally  classified  as  high-pressure,   high  horsepower;   high-pressure,    low  horsepower; 
low-pressure,   high  horsepower;   and    low-pressure,    low  horsepower.     Steam  boilers  made  of 
steel  may  operate  at  either  high  or   low  pressure.     Cast   iron  boilers  operate  at  low 
pressure.     High-pressure  boilers  operate  at  pressures  in  excess  of   15  psi   steam,  while 
low-pressure  boilers  are  those  that   operate  at  a  pressure  of  15  psi  or   less.  High 
horsepower  boiler  plants  are  equipped  with  individual  boilers  rated  at  100  hp 
(horsepower)  or  more.     A  boiler  plant  equipped  with  one  boiler  rated  at  100  hp  or  more 
^plus  one  or  more  boilers  rated   at   less  than  100  hp  is  classified  as  a  high  horsepower 
plant.     High  horsepower  boiler  plants  may  operate  at  high  or  low  pressure.  Low 
horsepower  plants  are  equipped  with  individual  boilers  rated  at   less  than  100  hp.  These 
plants  are  also  operated  at  either  high  or  low  pressure. 

Methods  of  Treatment 

Chemical   treatment  requirements,   method  of  control   and  application  vary  with  the 
makeup  water  and   the  boiler.     The  following  paragraphs  can  serve  as  a  guide  for  internal 
boi ler-water  treatment  requirements . 

HIGH- PRESSURE  STEAM  STEEL  BOILERS.      These  boilers  are  generally   treated  with 
caustic  soda   in  combination  with  sodium  metaphosphate  and  quebracho  tannin.  Boilers 
under  10  hp  are  exempt   from  this  treatment  unless  local  conditions  warrant  it. 

LOW-PRESSURE  STEAM  STEEL  BOILERS.      These  boilers  are  generally  operated  without 
makeup  or  blowdown,   and  are  therefore  usually  free  fron  corrosion  and  scaling  troubles. 
If  makeup  is  required  for  some  reason  such  as  process  requirements,   corrosion  and  scale 
sometimes  become  problems.     When  they  do,   the  boiler  may  be  treated  with  caustic  soda  or 
with  caustic  soda  and  quebracho  tannin.      If  the  boiler  Is  operated  with  acidic  or 
low-alkalinity  water,   without  makeup  or  blosrdown,   give   tt  a  sufficiently   large  dose  of 
caustic  soda  to  impart  alkalinity  in  the  rage  neeced  to  prevent  corrosion  —  pH   10.5  to 
11.5.      If  scale  formation  is  observed,   treat  the  boiler  with  caustic   soda   in  combination 
with  sodium  metaphosphate  and  quebracho  tannin. 

CAUTION :      If  in  doubt,   consult  the  major  command. 

LOW-PRESSURE  CAST   IRON  BOILERS.      Boilers  of  this  type  are  not   treated  unless  scale 
formation  is  observed.     Where  treatment   is  necessary,   use  caustic   soda   in  combination 
with  sodium  metaphosphate  and  quebracno  tannin. 

}  CAUTION :     When  such  treatment   is  indicated,   consult  the  major  command  before 

instituting  it. 
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SPECIAL  TREATMENT.      In  some  cases,   both   low-  and  high-pressure  boilers  may  require 
special  water  treatments,   such  as  sulfite  or  antifoam. 


CAUTION:     Consult  the  major  command  before  instituting  treatment. 


TYPES  OF   INTERNAL  BOILER  WATER  CHEMICALS 


To  prevent  scale   formation  on  the  internal  water-contacted  surfaces  of  a  bol7.er  anj 
to  prevent  destruction  of  the  boiler  metal   by  corrosion,    feedwater  and  boiler  water  mu^ 
be  chemically  treated.     This  chemical   treatment  prolongs  the  useful   life  of  the  boiler 
and  results  In  appreciable  savings  in  fuel   since  maximum  heat  transfer  is  possible  from 
the  furnace  to  steam. 

The  chemicals  mentioned  in  this  text   tor  use  in  AF  boilers  are  not  always  used  in 
every  boiler.     The  chemicals  used   in  a  particular  boiler  in  one  area  may  not  be  needed 
for  a  boiler  in  another  area.     The  condition  of  raw  water  and  intended  use  of  the  boi le 
and  steam  are  factors  considered  before  deciding  what  chemical   treatment   (if  any)  will 
be  used. 

The  chemicals  used  in  treatment   of  AF  boilers  are  as  follows. 
Caustic  Soda  (NaOH) 

Addition  of  caustic  soda,   so  as  to  maintain  a  concentration  of  20-200  parts  per 
million  (ppm) ,   will  neutralize  acid  conditions  and  provide  sufficient  free  hydroxides  t< 
combine  with  the  magnesium  salts  in  the  boiler  and  will  not  adhere  to  the  heating 
surfaces.     Addition  of  caustic  soda  also  enhances  the  achievement  of  other  boiler  water 
objectives.      It  keeps  the  boiler  sludge   fluid  so  that  it  is  carried   in  the  circulating 
water  and  can  be  removed  by  blowdown;   it  helps  maintain  smooth  effectiveness  of  certain 
chemicals  such  as  phosphate,   quebracho  tannin;   and,   it  is  required  by  some  neutralizing 
amines  for  good  volatility  with  the  steam. 


Tannin  decreases  sludge  accumulation  and  scale  formation  in  the  boiler.     For  this 
reason,    It  is  frequently  used  as  a  supplement  to  caustic  soda  treatment   to  enhance 
removal   of  calcium  phosphate  sludge.      Quebracho  tannin  has  a  corrosive  control  property 
in  that  it  absorbs  some  of  the  dissolved  oxygen  and  more  important,    appears  to  form  a 
protective  film  on  steel.     It  should  be  used  when  detailed  precautions  for  full 
protective  corrosive  controls  are  not   practical  or  economical.     Tannin  also  provides  ( 
smoother  boiling  with  less  carryover  and,   although  Air  Force  boiler  plants  rarely 
present  erabrit t lement   problems,    gives  added  assurance  that  such  problems  will  not 
develop.     The   limit  for  tannin  content  of   boiler  water  is  a  medium  brown  color  (3M)  as 
shown  by  the  middle  standard  of  the  tannin  color  comparator. 

Excessive  amounts  of  tannin  cause   foaming  and  in  addition  becomes  sticky  and 
adheres  to  boiler  surfaces  making   it  difficult   to  remove  by  blowdown,   plus  the  settling 
of  sludge  may  restrict   water  circulation  resulting  in  starvation  of   water-wall  tubes. 
Over-t reatment  of  tannin  also  results  in   loss  of  chemicals,   heat  and  water  because  of 
excess i ve  b 1 owdown . 

Phosphates  (PO4) 

A  concentration  of  30-60  ppm  of  phosphate  should  be  maintained   in  the  boiler  water 
When  boiler  water  is  treated  with  a  phosphate  chemical,    the  phosphate  combines  with  the 
calcium  to  precipitate  calcium  phosphate.     Calcium  phosphate   forms  as  a  finely  divided 
fluid   sludge  which  can  be  carried  by   the  boiler  circulation  and   readily   removed  by 
blowdown.     Since  calcium  phosphate  is  the   least   soluble  of  the  calcium  salts  that  form 
in  a  boiler  water,   phosphate  control   prevents  the  formation  of  calcium  scales,    such  as 
calcium  carbonate  or  calcium  sulfate.     Maintenance  of  a  satisfactory  causticity  in  the 
boiler  water  is  necessary  with  phosphate  control  because  calcium  phosphate  is  more 
soluble  if  the  water  does  not  carry  enough  causticity  and  can  form  as  a  sticky  sludge 
that  wil 1  adhere  to  the  boiler  surfaces. 

Excessive  concentrations  of  sodium  phosphates  not  only  indicate  wastage  of 
chemicals,    but  can  also  increase   formation  of  sticky  sludge  and  scale.      If  too  liigh  of  ; 
concentration  of  phosphate  is  maintained,   the  phosphate  will   start  precipitating 
magnesium.     Magnesium  phosphate  is   very  sticky  and  will  adhero  to  boiler  siirfacf?K 


Tannin 
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causing  scale  formation  thuc  defeating  the  purpose  of  internal  treatment.     To  prevent 
this,  maintain  a  3  to  1  ratio  of  sodium  hydroxide  to  phosphate.     This  way  the  sodium 
hydroxide  will  precipitate  the  magnesium  and   leave  the  precipitation  of  calcium  to 
phosphate . 

Sodium  Sulfite  (2Na2S03) 

In  certain  instances,   some  corrosion  may  persist  even  though  sufficient  causticity 
is  carried  and  the  feedwater  deaerated.     Sometimes,   improved  corrosion  control  is 
obtained  by  chemical  treatment  to  remove  the  small  quantities  of  oxygen  left  in  the 
wat»3r  after  it  has  been  deaerated  mechanically.     A  few  chemicals  are  available  for  this 
purpose;  the  most  commonly  used  is  sodium  sulfite-     When  dissolved  in  water,   it  unites 
with  oxygen  to  form  sodium  sulfate.      If  enough  sodium  sulfite  is  fed   into  a  boiler,  the 
chemical  surplus  maintained  in  the  water  will  take  up  any  oxygen  that  enters  and  keep 
the  boiler  oxygen  free.     Normally,   a  concentration  of  20-40  ppm  sodium  sulfite  is 
maintained  in  the  boiler  water       This  Is  enough  to  take  up  an\   oxyp-pi  that  is   likely  to 
get  into  the  boiler.     Higher  concentrations  are  unnecessary  and   /  -  >ce**il. 

Table  2  on  the  following  page  gives  the  concentration  level   for  the  chemicals  you 
studied  in  the  preceding  paragraphs. 


Methods  of  Minimizing  Return-Line  Corrosion 

Corrosion  in  condensate  return   lines  and  associated  equipment  is  a  problem  common 
at  many  Air  Force  bases.     The  causticity   in  the  boiler  water  is  not  volatile  and 
ordinarily  only  small  amounts,    if  any,   goes  over  with  the  steam;   therefore,  the 
condensate  is  generally  rather  pure  water.     However,   carbon  dioxide  (CO2)   gas  does  go 
over  with  the  steam  and  dissolves  in  the  condensate,   causing  carbonic  acid,    lowering  the 
pH  or  the  return  condensate  and  making   it  acid.     The  carbon  dioxide   is  more  corrosive 
than  the  oxygen  which  leaks  in  at  pipe  connections,   pumps,   etc     But  when  both  are 
present,   the  problem  is  intensified  and  a  corrosion  problem  is  likely  to  exist.  Acid 
corrosion  usually  grooves  and  channels  the  bottom  of  the  pipe;   frequently,   it  is  most 
[pronounced  Just  beyond  the  traps  of  hot  water  generators  or  radiators.     Oxygen  normally 
pits  the  entire  circumference  of  the  pipe.     Return  lino  corrosion  can  be  controlled  with 
neutralizing  and  filming  amines. 

NEUTRALIZING  AMINES.     Most  condensate  corrosion  problems  are  caused  by  carbonic 
acid  in  the  condensate.   The  carbonic  acid  is  derived  from  mineral  carbonate  in  feedwater 
makeup.     Therefore,   caustic  soda  rsfh^r  than  soda  ash,   which  is  also  a  carbonic  acid 
source,   is  used  for  internal  boiler  water  treatment.     To  neutralize  the  condensate 
carbonic  acid,   treat  the  boiler  water  with  an  alkaline  material   th? :    carries  over  with 
steam.      A  group  of  volatile,    alkaline  compounds  called  '*amines*'  satisfies  this 
requirement.     When  fed   into  the  boiler  water,   the  amines  volatilize  to   form  a  gas  which 
flows  over  with  the  steam  and  returns  with  the  condensate  to  the  boiler  where  it  is 
reused.     Loss  of  condensate  results  in  loss  of  chemical.     The  alkalinity  of   the  amine 
builds  up  the  condensate  pH  and,   on  the  alkaline  side  (about  7.0  to  7.5).  The 
neutralizing  amines  approved   for  Air  Force  use  are  eye lohexy lamine  and  morpholine. 

  Cyclohexy lamine.     Two  grades  of  cyclohexylamine  are  available:     water  solution 


which  1h  60  percent  cyclohexylamine,   and  a  special  grade  which  is  98  percent 
cyclohexylanl ne.     The  98-percent  grade  is  more  economical;   however,   since  it 
is  about  as   flammable  as  alcohol,    it  must  be  diluted  with  an  equal  volume  of 
water  when  received  at  the  plant.     Cyc lohexylamines  are  sold  under  various 
trade  names  and  may  vary  somewhat  in  concentration  percentages. 

Cyclohexylamine  is  caustic  and  harmful  to  the  skin.     Handle  it  carefully  to 
prevent  spilling  it  on  the  skin  or  breathing  the  fumes  excessively. 

When  used  in  direct  contact  cookers,   cyclohexylamine  may  be  used   if  it  does 
not  exceed  10  ppm  in  the  steam.     DO  NOT  use  such  steam  where  it  will  contact 
milk  products. 


OBJECTIVE  OF  AMINE  TREATMENT 
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CHEMICAL 

(CONCENTRATION) 

PURPOSE 

*  X-FACTOR 

SULRTE 

20-40  P. P.M. 

OXYGEN  SCAVENGER 

-1  Dropx5  =  P.P.M, 

CAUSTIC 
SODA 
(SODIUM 
HYDROXIDE) 

20-200  P.  P.  M. 

ALKALINITY 

\aidu  prctipuaicD  nid^n^ 

<5  J  X  ML  =  p.  p.  M. 

PHOSPHATE 

30-60  PPM 

WW     wwX(A(  if 

PREflPITATFS  PAT  PTTIM  AMr> 

MAGNESIUM 

LOior  Loniparison 

TANNIN 

KEEPS  BOILER  SLUDGE  A^ID 
SOLIDS  IN  LIQUID  OR  FLUID 
STATE 

Color  Comparison 

DISSOLVED  SOLIDS 
TEST(D.S.) 

1000-4000  p. P.M. 

DETERMINES  AMOUNT  AND 
FREQUENCY  OF  SLOWDOWN 

Tannin  Conversion 
Factor 

AMINES 

-7.5pH 

PREVENTS  CORROSION  IN 
CONDENSATE  RETURN  LINES 

*X- FACTOR  "  is  the  multiplication  factor  used  to  convert  the  chemical  analysis  into  parts-per-million. 
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Morploline.     Morpholine  Is  a  neutralizing  amine  sold  In  a  91-percent  solution 
It  Is    less  volatile  than  eye lohexylamlne ;   consequent ly ,    It  Is  used  In  plants 
which  operate  at  high  pressures  and  ratings,   usually  above  50  psl.  In 
situations  In  which  Its  use  Is  applicable.    It  has  one  distinct  advantage.  It 
releases  CO2  more  readily  than  eye lohexylamlne  does  and.    In  a  properly 
Vented  system  with  a  good  deaeratlng  heater,   has  a  higher  recycling  capacity. 

The  same  precautions  and  procedures  set  forth  for  cyclohexy lamlne  apply  also 
to  morpholine. 


FILMING  AMINES   (OCTADECYLAMINE) .      The  filming  amines  do  not  neutralize  carbon 
dioxide.     Rather,   they  function  by   forming  an  Impervious  nonwettabe  film  on  the  metal 
surface.  This  film  serves  as  a  barrier  between  the  metal  and  the  condensate,  thus 
protecting  against  both  oxygen  and  carbon  dioxide  attack.     This  amine  film  causes  the 
water  to  assume  droplet  form  which.    In  addition  to  providing  protection,   results  In  a 
subsidiary  benefit  —  that  of  iacreased  heat   transfer  efficiency.     Reports  of  Increases 
of  5-10  percent   In  heat  transfer  efficiency  are  not  uncommon.     Unlike   the  neutralizing 
amines,   which  must  be  fed  In  direct   proportion  to  the  CO2  content,   the  filming  amines 
are  generally  dispersed  so  as  to  provide  a  feeding  rate  of  2-3  ppm.     Except  at  a  very 
low  CO2  concentration,    treatment  of  filming  amines,   as  opposed  to  neutralizing  amines. 
Is  considerably  more  economical. 

Choice  of  Amine  Treatment 

Use  condensate  corrosion  testers   to  determine  If  treatment   Is  needed.     Testers  may 
be  obtained  from  the  US  Air  Force  Contract  Laboratory.     When  condensate  corrosion 
testers  Indicate  treatment  Is  required,   the  choice  of  amine  must  be  based  on  oeratlng 
conditions.      The   following  Is  a  general  guide.     When  boiler  feedwater  makeup  Is  20 
percent  or  less,    the  neutralizing  amines  are  normally  used;    treat  boilers  that  operate 
to  about  50  psl  with  cyclohexy lamlne ;   use  morpholine  for  those  which  operate  at  higher 
pressures  or  at  a  high  sustained   load.     The  filming  or  octadecy lamlne  may  be  used  If 
makeup  requirements  are  fairly  high  or  oxygen  Is  suspected  as  a  major  cause  of 
return-line  corrosion. 


Sampling  Connections 

If  we  use  a  chemical  In  our  boiler,  we  must  be  able  to  tell  at  all  times  when  we 
have  enough  of  that  chemical  in  the  boiler.  To  do  this,  we  must  have  a  sample  of  the 
water  that  Is  in  the  boiler.  We  could  get  water  out  of  the  boiler  from  many  different 
fittings,  but  the  water  should  represent  all  the  water  in  that  boiler.  Therefore,  we 
would  not  get  our  sample  from  the  bottom  blowdown  because  it  would  contain  too  much 
sludge.  On  the  other  hand,  we  should  not  get  our  sample  from  the  steam  space  because 
chemicals  are  not  present  In  steam. 

Importance  of  Accuracy 

For  adequate  treatment  control,    the  boiler  water  being   tested  must  represent  the 
true  condition  of  the  water  in  the  boiler  when  it  is  operating.      Exercise  care  in 
selecting  the  sampling  point  and  the  drawing-out  method.     The  sample  connections  should 
all  be  tight   fitting  and  Installed  to  permit  the  sample  to  be  taken  while  standing  on 
the  floor,    for  obvious  safety  reasons. 

If  water-column  connections  to  the  boiler  are  short  and  direct,   blowdown  the  water 
column  several  times  and  draw  a  sample  from  the  water-column  blowdown  connection. 
Install  a  1/4-inch  sampling  conectln  ahead  of  the  water  column  blowdown  valve.  For 
water-tube  boilers,   take  the  sample  from  either  the  front  drum  or  the   forward  part  of 
the  upper  rear  drum.     Continuous  blowdown  connections  properly   located  make  good 
sampling  points.      If  the  rear  drum  connection  is  close  to  the  feedwater  inlet,   be  sure 
that  the  sample  is  not  diluted  by  feedwater.      If  any  doubt  exists  as  to  the  proper 
location  of  the  sampling  connection,   contact  the  major  command   for  assistance. 

Types  of  Cooling  Colls 

If  possible,    draw  the  boiler  water  samples  through  a  cooling  coll  that  prevents  the 
'boiler  water  from  flashing  into  steam.     Several  types  c2  commercial  cooling  coils  are 
available.     Colls  are  also  easy  to  make  in  the  plant. 


DRAW  BOILER  WATER  SAMPLE 
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ATMOSPHERIC ALLY-OOOLED  CX)IL.  About  25  feet  of  3/8-  or  1/2-tnch  copper  tubing  bent 
in  the  shape  of  a  large  helix  and  suspended  in  air  makes  a  satisfactory  air  condenser  i 
the  sample  is  not  drawn  too  rapidly. 


WATER-COOLED  COIL.     Good  results  can  be  obtained  with  15  to  25  feet  of  1/4-inch 
copper  tubing  formed  into  a  coil  approximately  6  inches  in  diameter  and  10-inches  long 
and  immersed   in  a  bucket  ot  cold  water  or  a  permanently  connected  cooling  chamber*  A 
comn»n  manifold  permits  the  coil  to  serve  two  or  more  boilers.  ^ 

We  have  no  set  time  to  draw  a  boiler  water  sample,   but  all  samples  must  be  drawn 
immediately  before  the  regular  blowdown  and  before  chemicals  are  added.  Unless 
otherwise  specified,   bring  samples  for  all  water  analysis  tests  described  below  to  room 
temperature.     This  is  necessary  to  determine  minimum  concentrations  of   the  chemicals 
available  in  the  boiler  and  the  maximum  total-dissolved-solids  content  of  the  boiler 
water.     All  testing  apparatus  must  be  scrupulously  clean  and  kept  and  used  in  clean 
surroundings  protected  from  dust  and  dirt. 

Before  collecting  the  sample,   blowdown  all  sampling  lines  and  connections  to 
sampling  points  to  clear  them  of   stagnant  water.     If  possible,   avoid  taking  flash 
samples  by  drav/ing  the  sample  slow  enough  to  cool  the  water  before  it  comes  out  the  end 
of  the  sample  line  (see  figure  13). 

Adjust  the  sampling   line  to  reach  to  the  bottom  of  the  bottle;   then  run  the  sample 
long  enough  to  overflow  the  top  to  protect  it   from  exposure  to  the  atmosphere  (see 
figure  13.)     This  is  necessary  because   the  carbon  dioxide  and  oxygen   in  the  air  can  be 
absorbed  and  change  the  causticity  and  tannin  concentrations  of  the  sample.     Never  take 
the  sample  in  a  shallow  pan  or  bucket  and  do  not  expose  it  to   the  air  any  more  than  Is 
necessary. 

Extreme  care  must  be  taken  when  drawing  a  boiler  water  sample  because  a  mistake  at 
this  time  can  affect  the  results  of   the  boiler  water  tests.      If  the  boiler  water  tests 
are  wrong,   the  sater  treatment  logs  will  be  wrong;   the  wrong  amount  of  chemicals  will 
have  been  placed  in  the  boiler;   and,   you  may  give  the  boiler  too  much  blowdown,  thus 
wasting  wore  chemicals,   water  (hot  water)  heat,   time  and  energy.     A  slight  mistake  at 
the  begining  affects  the  end. 

Generally  speaking,  water  samples  taken  in  a  steam  heating  plant  include  water 
taken  from  the  boiler  and  the  return   line.     In  hot  water  heating  plants,  one  water 
sample  is  usually  all  that  is  required.     This  sample  is  obtained  either  from  some 
convenient  point  in  the  system  or  from  the  boiler  drain  valve  or  cock.  I 

Standard  Laboratory  Equipment 

An  arrangement  with  the  US  Air  Force  Contract  Laboratory  permits  Air  Force 
activities  to  obtain  the  necessary  test  kits  and  reagents  by  direct  request  to  US  Air 
Force  Contract  Laboratory.     Kits  are  available  to  test   for  causticity,  phosphate, 
tannin,   pH  of  boiler  water  (low-pressure  boilers),   pH  of  return  condensate  and  sodium 
sulfite. 

For  blowdown  control,   the  dissolved  solids  of  boiler  water  may  be  determined 
rapidly  and  simply  by  use  of  a  modified  Wheatstone  bridge  to  measure  the  specific 
conductance  of  a  water  sample  and  converting  its  value  to  parts  per  million.  The 
instrument  and  conductivity  cell   is   listed   in  Equipment  Allowance  Document  TA404  under 
stock  number  6630-678-5582  Test  Bridge,    Solution  Conductivity.     The  additional  equipmen 
required  for  this  test  is  available  on  request  from  the  US  Air  Force  Contract 
Laboratory , 

Laboratory  Furniture 

Adequate  space  and  equipment  should  be  made  available  in  the  heating  plant  to 
facilitate  testing.     Equipment  should  include  the  following  basic   items  of  furniture: 
sink,    preferably  with  an  intergral   drain  board;   shelf;   cabinet,   a  unit    for  the 
distillation  or  demineral izat ion  of  water   (if  deraineral ized  water  is  not  available  from 
other  base  sources).      Items  for  cleaning  and  maintaining  laboratory  equipment  should 
Also  be  available. 
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VALVE 


COOLING  COIL 


SAMPLE  BOTTLt 


CNA-013 


Blowdown  sample  lines 
Rinse  equipment 
Discard  rinse  water 


d.  Draw  sample  slowly 

e.  Sample  line  to  bottom 


f .  Overflow  bottle 

g .  Stopper  bottl e 

h.  Label  bottle 

Figure  13.     Taking  a  Boiler  Water  Sample 
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Technical  Assistance 


The  appropriate  major  air  command  provides  technical  assistance  to  train  personnel 
in  control  of  chemical  treatment,   testing  procedures  and  related  problems,   such  as 
return-line  corrosion,   feedwater  heater  operation,   and  those  concerning  treatment  or 
conditioning  of  steam,   condensate  and  boiler  feedwater. 

Information  for  Ordering  Supplies  and  Equipment 

m 

Ordering  supplies  is  not  difficult  if  the  following  rules  are  observed*  ^ 

  Stocklisted  items  must  be  ordered  when  they  will   fill  the  requirements. 

  Always  describe  items  as  complete  y  and  accurately  as  possible.  (Supply 

people  do  not  know  your  requirements. ) 

  Doublecheck  substitutions  or  similar  items  and  be  sure  they  will  meet  your 

requirements  before  ordering  them.  ^ 

When  ordering  boiler  water  supplies,   submit  proper  forms.     It  is  advisable  to  make 
an  extra  copy  for  the  laboratory  file  so  that  a  record  of  delivery,   amount  ordered  and 
oonsumption  may  be  kept. 

When  ordering  an  item  or  reagent  that  is  stocklisted  and  the  stock  number  is  known, 
all  that  is  necessary  is  to  check  the  stock  catalog  and  copy  the  nomenclature  and 
description  accurately  and  completely* 

Laboratory  Safety 

The  work  of  a  laboratory  specialist  in  water  treatment  can  be  safe  if  he  will  use  a 
few  simple  precautions  in  the  handling  and  mixing  of  chemicals,   handling  glassware  and 
operating  the  equipment.     Accidents  Just  do  not  happen;  they  are  caused  by  unsafe  acts 
or  conditions.     The  skilled  operator  knows  his  chemicals,   the  proper  method  of  mixing 
them,   the  correct  manner  of  operating  his  equipment,   and  the  importance  of  keeping  his 
mind  on  his  work.     The  last  is  very  important  because  many  times  after  an  accident,  the 
victim  has  remarked,   "I  was  not  thinking".     Information  of  importance  to  you  in  gaining 
an  understanding  of  how  accidents  are  caused  and  prevented  is  presented  in  this  study 
guide.     However,  not  all  the  information  you  need  to  know  is  contained  here;  therefore, 
additional   study  on  the  subject  is  recommended. 

Handling  Acids  and  Alkalies  ^1 

Acids  and  alkalies  can  cause  severe  burns  when  they  come  in  contact  with  the  skin. 
When  handlig  chemicals,   never  put  your  hands  to  your  eyes  or  face  without   first  washing 
them*     The  skin  tissue  of  your  face  is  more  sensitive  than  that  of  your  hands  and  is 
more  easily  irritated.     Rubber  gloves  must  be  worn  when  handling  concentrated  acids  to 
protect  your  hands*     To  protect  your  clothes  a  rubber  apron  is  worn.     Before  using  these 
protective  devices,   they  should  be  inspected  to  assure  they  will  afford  the  protection 
for  which  they  were  intended. 

When  mixing  acids  with  water,   the  acid  should  be  slowly  poured   into  the  water  and 
the  solution  should  be  constantly  stirred  with  a  glass  stirring  rod  to  prevent  a 
concentration  of  the  acid  in  a  small  area  of  the  water.     Failure  to  follow  this 
procedure  may  result  in  the  acid  boiling  and  splattering  the  surrounding  area,  causing 
severe  burns  to  the  operators.     Never  pour  water  into  the  acid.     Should  one  of  your 
co-workers  get  a  spray  of  acid  in  his  i'ace         eyp^^^  i^^  fcvra  put  his  hand  to  his 

face,   pi     e  him  Immediately  ui^'^'^r  »^         vvt  !,.:aty  ol  water  can  wash  away  the  acid, 

and  t:b       ca^  amediately     o  ti^     ...jct^        ^r  further  treatment.     An  accident  report 

shon  made  as  soon  as  the  patient's  cc       cion  permits. 

Cut^         .1  Glassware 

Before  using  any  glassware  for  testing  water,   an  inspection  of  the  article  should 
be  made  for  cracks  and  rough  edges.     The  rough  edges  can  develop  into  cracks  and  when  a 
stopper  is  applied  may  break  the  tube  and  spill  its  contents. 
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When  heating  a  liquid  in  a  breaker  or  flask,   always  apply  the  heat  gradually.  A 
Large  amount  of  heat  concentrated  in  a  small  area  can  set  up  a  strain  that  might  cause 
:he  beaker  or  flask  to  crack. 


.laboratory  Safety  Equipment 

Although  some  differences  will  be  found  in  safety  equipment  which  has  beei.  provided 
for  use  in  the  water  testing   laborat   -^ies,   n   ^t   laboratories  will  have  similar  items  of 
safety  equipment - 

Rubber  aprons  provided  and  should  always  be  worn  when  you  are  performing  water 

£:ests.  This  practice  will  protect  your  clothes  from  water  spills  and  also  from  acid  and 
>ther  chemical  spills- 

Rubber  gloves  are  available  and  are  a  "must"  when  you  handle  concentrated  acids 
such  as  sulfuric  or  nitric  acid;   also,   when  handling  concentrated  caustic   solutions  such 
ts  sodium  hydroxide.     Most  of  the  acid  solutions  used  in  testing  water  samples  are  quite 
i^eak  (N/50)  and  do  not  require  the  use  of   rubber  gloves. 

Asbestos  gloves  are  provided  for  the  handling  of  beakers  and  other  vessels 
containing  hot  liquids  and  also  when  removing  hot  samples  from  a  muffle  furnace. 

Several   types  of  tongs  may  be  provided   for  handling  equipment  which  cannot  be 
Dicked  up  with  your  bare  hands.     Some  of  the  tongs  have  rubber  covered  tips  so  that 
Glassware  may  be  handled  without  danger  of  cracking.     Other  tongs  are  asbestos  lined  for 
landling  the  larger  beakt.rs  containing  hot  liquids. 

Plastic  face  shields  and  eye  goggles  are  provided  for  your  protection  when  handling 
concentrated  acid  or  cau3tic  solutions  and  when  heating  solutions  and  evaporating  them 
to  dryness  over  Bunsen  burners  as  there  is  some  danger  of  splatter  Just  before  dryness 
Ls  reached. 

Some  laboratories  are  equipp)ed  with  emergency  showers  and  also  special  eye  washers. 
\lthough  this  equipment  may  never  be  needed,   you  should  give  them  an  operational  check 
it  regular  intervals,   and  you  should  make  sure  that  you  know  exactly  where  they  are 
located. 

Properly  equipped   laboratories  will  be  well   ventilated  and   some  are  provided  with 
exhaust  fans  for  the  quick  removal  of  toxic  or  noxious  fumes. 

Walkways  in  the  laboratory  may  be  covered  with  rubber  floor  mats  to   le<?«i^n  ^^t^ 
chance  of  slipping  and  falling.     They  also  act  as  an  electrical  insulator  a    i     -      >n  j 
the  possibility  of  receiving  an  electrical   shock  when  operating  ol-^^ctricaV       ^  eU 
stirring  machines,  etc 

Testing  Equi  p  f 

Iv  ipiueut  must  be  kept  in  good  repair  and  be  scrupulously  clean  when  used, 

.herwi         w      -  results  may  be  erroneous. 

Clean  testing  apparatus  thoroughly  with  soap  and  water  using  the  test  tube  brush 
provided.     Distilled  water  or  condensed  steam  makes  a  good  rinse.     The  equipment  should 
be  kept  and  used  in  clean  surroundings  protected   from  dust  and  dirt. 

The  electrical   conductivity  meter  cell,   used   in  the  dissolved  solids  test,  should 
be  inspected  at  intervals.   Check  for  the   following:      is  wear  and  cracking  noted;  is 
there  foreign  material   on  the  electrodes;    is  shield  in  position,    intact;   and  are  the 
(Electrodes  in  position;   are  vent  holes   free  of  obstruction;   is  the  black  platinum 
coating  present  over  all  the  electrode  surfaces? 

NOTE:      If  mechanical  defect   is  noted   in  the  cell  or  if  loss  of  the  black  platium 
coating  on  the  electrodes  is  noticed,    the  cell  can  be  returned  ^he 
manufacturer  for  repair  or  replat inizing  of  the  electrodes. 

When  not   in  use,    the  coll  should  be  stored   submerged  in  distilled  water. 
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A  cell  frequently  used  should  be  cleaned  every  few  weeks.     This  may  be  done  by 
dipping  the  cell  In  3N  hydrochloric  acid  for  about  two  minutes,   followed  by  washing  In 
running  water  and  Inverting  the  cell  to  wash  the  electrodes- 
Calibration  of   the  meter  should  be  done  once  each  month.     This  can  be  done  by 
measuring  the  specific  conductance  of  the  calibration  solution  (Conductivity  Meter  Test 
Solution  available  from  the  AF  Contract  Laboratory).     Use  the  same  procedures  as  the 
boiler  water  test   for  dissolved  solids,    including  setting  the  temperature  adjustment  to^ 
the  temperature  of  the  solution.     Neutralizing  solution  is  NOT  used.      If  the  reading  is^ 
appreciably  outside  the  range,   the  cell  can  be  adjusted  locally  or  returned  to  the 
manufacturer  for  calibration. 

Chemical  Reagents 

PREPARATION  OF  STARCH   INDICATOR.      In  testing  boiler  water  for  Sodium  Sulfite 
content,   a  starch  indicator  is  used.     This  Indicator  must  be  prepared  locally. 
One-fourth  level   teaspoon  of  potato  or  arrowroot  starch  (available  from  AF  Contract 
Laboratory)  is  mixed  with  50  milliliters  of  distilled  water.     The  starch  solution   loses  , 
its  sensitivity  as  an  indicator  after  a  time.      Addition  of  one  crystal   of  Thymol 
(available  from  the  AF  Contract  Laboratory)   to  the  starch  preserves  it  so  that   it  can  be 
used  for  about  two  weeks.     The  starch  solution  should  be  dated  when  prepared. 

PREPARATION  OF  DILUTE  STANNOUS  CHLORIDE.      In  performing  the  Phosphate  test,  a 
solution  of  dilute  stannous  chloride  is  used.     This  reagent  must  be  prepared  from 
Concentrated  Stannous  Chloride  on  the  day  it  Is  to  be  used.     One-half  milliliter  of 
concentrated  stannous  chloride  is  transferred  to  a  20-mil 1 i liter  bottle  and  the  bottle 
filled  to  the  neck  with  distilled  water.     After  the  test,   discard  any  dilute  stannous 
chloride  reagent  not  used.     Dilute  Stannous  Chloride  that  is  uot   fresh  gives   low  results 
in  the  Phosphate  test.     The  dilute  ragent  cannot  be  supplied  from  a  central  laboratory 
as  it  deteriorates  too  rapidly. 

The  Concentrated  Stannous  Chloride  deteriorates  once  the  bottle  is  opened  and 
should  not  be  used   if  it  is  more  than  two  months  old.     However,   concentrated  stannous 
ckiloride  in  the  original  sealed  bottle  can  be  kept   for  a  period  of  six  months  without 
deterioration. 

TESTING  REAGENTS.     The  Comparator  Molybdate  and  Concentrated  Stannous  Chloride 
reagents  used  in  the  Phosphat?^    test  should  be  tested  at   least  twice  a  week,    to  insure 
that  they  are  giving  a  correct  blue  color  development  in  the  test.     This  is  done  by 
testing  for  phosphate  concentration  in  the  Standard  Phosphate  Test  Solution   (available  ^| 
from  AF  Control  Laboratory).     The  color  obtained  should  be  about  midway  bet-  une  two^* 

color  standards  of  the  Phosphate  Comparator  Block.      If  the  color  matches  either  standard 
or  is  outside  the  range  of  standards,    the  re&gents  must  be  replaced. 


Sodium  Sulfite  Test 

The  sodium  sulfite  test  is  performed  to  measure  sodium  sulfite  content  in  the 
boiler  water  when  this  type  of  treatment  is  used.     Sodium  sulfite  acts  with  oxygen  very 
rapidly  in  the  hot  boiler  water  forming  sodium  sulfite.     Sodium  sulfite  treatment  is 
used  to  supplement  mechanical  methods  and  tannin  as  removal  agents.     When  the  remaining 
dissolved  oxygen  content  remains  high  and  sodium  sulfite  treatment   is  instituted,  a 
concentration  between  20  and  40  ppm  is  usually  considered  satisfactory. 

Causticity  Test 

The  causticity  test  is  used  to  determine  the  amount  of   free  causticity  ^  lydroxlde 
(OH)   in  the  boiler  water.     A  causticity  concentration  maintained  between  20  an..  20^  ppm, 
by  using  caustic  soda,   will   neutralize  acid  materials  in  the  water.      In  addition   to  the 
neutralizing  action,    the  free  hydroxide  combines  with  magnesium  salts  to   form  magnesium 
hydroxide.     Alkaline  water  will  usually  prevent  corrosion.     Our  discussion  will  be 
limited  to  the  precipitation  method  of  testln^       When  testing  boiler  water  which  Is 
appreciably  colored  by  organic  material  such  .   ,  tannin,    it  is  desirable  to  start  with  a 
warm  sample,   say  about  160*, 


BOILER  WATER  TEST 
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Phosphate  Test 


The  phosphate  test  Is  used  to  determine  the  amount  of   soluble  phosphate  in  the 
^boiler  water.     Maintaining  a  phosphate  level  between  30  ppm  and  60  ppm  by  addition  of 
sodium  metaphosphate  will  result   In  the  sodium  me taphosphate  combining  with  some  of  the 
free  hydroxide  (formed  by  the  addition  of  caustic  soda)   forming  Trisodlum  phosphate. 
The  Trisodlum  phosphate  combln  s  with  calcium  salts,    In  the  water,   to  form  trlcalclum 
phosphate,   a  soft,   nonadherlng,    finely  divided  sludge  which  can  be  easily  removed  from 
the  boiler  by  blowdown.     There  are  several  methods  of  determining  the  phosphate  level; 
however,    for  our  studies  we  will   limit  vL..  discussion  to  the  colormetrlc  method. 


The  tannin  test  Is  made  to  determine  the  approximate  concentration  of  tannin  In  the 
boiler  water.  Tannin  acts  as  an  oxygen  absorber  and  due  to  Its  colloidal  action,  It  can 
make  the  sludge  form  as  very  finely  divided  particles,  thus  being  more  fluid,  so  that  it 
is  carried  by  the  circulating  boiler  water  and  is  removed  more  readily  by  blowdown.  The 
limit  for  tannin  content  of  boiler  water  is  a  (3)  medium  brown  color  as  shown  by  the 
middle  standard  of  the  tannin  color  comparator. 

Total  Dissolved  Solids  Test 

The  dissolved-sollds  test  is  used  to  determine  the  concentration  of  soluble  salts 
in  boiler  water  and  as  a  control   to  determine  the  amount  and  frequency  of  blowdown.  The 
specific   limits  for  boiler-water  dlssolved-solld  content  are  between  1000  and  4000  ppm. 
Testing  for  dissolved-sollds  will  be  limited  to  the  electrical  conductivity  method  in 
this  course. 

Condensate  pH  Test 

Condensate  return  is  tested   for  pH  to  determine  if  condensate  alkalinity  has 
decreased  to  the  point  where  return-line  corrosion  will  occur.     This  type  of  corrosion 
is  common  in  installations  having  extensive  return  systems.     When  steam  is  formed,  the 
bicarbonates  in  the  feedwater  go  to  carbonates  in  the  hot  water  and  form  hydroxides. 

»parbon  dioxide  is  formed  in  both  actions  and   leaves  with  the  boiler  steam.     When  the 
carbon  dioxide  condenses  with  the  steam,    it  forms  carbonic  acid  giving  a  pH  soraetiiiQes  as 
low  as  about  5.      By  the  use  of   a  group  of  the  compounds  called   "amines",   the  pH  of  the 
condensate  can  be  maintained  Just  on  the  alkaline  side,    say  7   .0  to  7.5,    and  corrosion 
in  the  return  lines  can  be  reduced. 

TAKING  THE  SAMPLE  OF  CONDENSATE.      Take  the  sample  near  a  point  in  the  return  piping 
where  the  condensation  takes  place,   such  as  right  after  a  trap,   or  preferably  at  a  point 
where  return-line  corrosion  is  known  to  be  occurring.     For  the  sample  to  be  representa- 
tive of  water  flowing  in  the  return   lines,    it  should  not  be  taken  from  a  collecting 
tank.     Cooling  the  condensate  is  not  necessary.     However,   collect   it  slowly  to  reduce 
ashing. 

Corrosion  Testers 

The   literature  on  the  corrosion  of  steel  pipe  recognizes  two  principal  types  that 
cause  rapid  perforation  and  failure:     channeling,   attributed  to  acidity;   and  pitting, 
ascribed  to  dissolved  oxygen.     Considerable  damage  may  also  be  caused  by  erosion  or 
.aechanical  wear,   due  to  poor  design  of  the  system  in  relation  to  its  loading.  Testing 
devices  such  as  wire  colls,   spools,   and  strips  do  not  ordinarily  distinguish  between 
these  causes  of  failure,   especially  in  condensate.     It  is  therefore  difficult,   with  such 
tools  alone,    to  determine  whether  the  principal  factor  causing  the  deterioration  was 
carbonic  acid,   dissolved  oxygen,   or  an  excessive  rate  of   flow.     This  information  was 
obtainable  from  the  corrosion  pattern  in  a  test  nipple. 

The  AF  Contract  Lab  condensate-corrosion  tester   (figure  14)  was  developed  to 
determine  the  need  for  chemical   treatment  to  control  corrosion   in  a  particular  heating 
system.     The  tester  furnishes  both  weight-loss  data  and  a  corrosion  pattern,    from  which 
the  technologist  can  calculate  the  severity  of  corrosion  and  also  determine  the 
principal  cause.     The  tester  is  essentially  a  nipple,   whose  inner  surface  is  detachable 
so  that  it  may  be  weighed  and  examined. 


Tannin  Test 
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This  tester  Is  available  at  the  AF  Contract  Lab.     It  determines  whether  chemical 
treatment  to  control  corrosion  of  condensate-return  liens  is  advisable  and  the 
effectivenes  of  any  chemical  treatment  given.     At  the  end  of  the  test  period,   the  tes^:ei 
is  removed  from  the  return  line  and  returned  to  the  AF  Contract  Lab  for  examination  a.ad 
evaluation.     The  tester  is  a  composite  test  nipple,  comprising  a  set  of  six  rings  or 
shells  which  fit  inside  a  specially  machined  pipe  nipple  (see  figure  14). 

The  average  weight  loss  of  the  rings  during  exposure  of  the  tester  in  a  return-lln< 
system  is  cvalutaed  in  terms  of  an  average  corrosion  rate.     The  corrosion  pattern  shownl 
on  the  surface  of  the  cleaned  rings  indicates  the  responsible  fa::tor.     The  tester,  a 
3/4-inch  pipe»   is  installed  after  traps  that  drain  hot-water  generators  or  unit  heaters 
of  equivalent  capacity.     The  best  way  to  install  the  tester  is  to  remove  the  caps  and 
insert  It  In  a  horizontal  stretch  of  piping  immediately  beyond  the  trap.  Usually, 
testers  are  placed  at  pooints  where  corrosion  has  been  noticed.     Ninety-day  testo  are 
recommended  in  plants  with  a  history  of  corrosion  trouble.     Plants  that  have  not 
reported  high  maintenance  costs,    frequently  extend  the  test  period  over  the  entire 
heating  season.     Sixty  to  ninety-day  tests  are  adquate  to  evaluate  effectiveness  of 
chemical  treatments. 


PIPE  NIPPLES 


Figure  14.     AF  Contract  Iiab  Condensate- 
Corrosion  Tester  Assembly 
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SUMMARY 


1^         A  boiler  water  sample  must  bo   taker*   from  a  point  that  represents  the  overall  boiler 
^P^rater.     Analysir^  of  the  sample  wLll  detei.  !  ne  the  concentration   levels  of  each  chemical 
used.     The  condensate  return  water  is  testeo    for  the  pH  lev»^l.     Anytime  chemicals  are 
stored  or  i.   ndled  all  safety  precautior     must   be   followed  precisely.     One  effective 
method   ''or  foed  Lnjy  chemical    into  the  bu>    ^^r  water  is  the  slug  method.      To  determine  the 
proper  dOb.A.g<.    of  each  chemical    to  add,   the  results  of  the  water  sample  used  must  be 
^  accurate. 

Watei    j^araples  i^liould  be  collected  in  a  way  that   they  represent  exactly  what  they 
are  sup,  oseo  ^^i  ^-osent.      They  should  not  be  diluted,   concentrated  nor  contaminated 

*   before  testlf.    and  mailing.     Samples  are  labeled  to  prevent  getting   them  mixed  up  and  to 
insure  that  t'ley  are  sent  to  the  correct  place. 

Boiler  water  samples  for  the  AF  Contract  Lab  should  be  carefully  collected  ?.nd 
labeled*      (This  sample  should  represent  the  same  water  that  the  operator  samples  on  that 
day.)     Forms  should  be  filled  out  accurately  and  shipped  the  same  day. 

Sludge  often  has  to  be  conditioned  before  it  can  be  carried  out  along  with  boiler 
blowdown.     This  is  accomplished  by  chemical   treatment,   which  controls  precipitation  and 
the  for^tion  of  suspended  sludge.     These  chemical  agents  must  be  held  within  certain 
safe   liaits  or  they  will  become  harmful.     These   limits  must  also  be  remembered  when 
treating  returi-line  corrosion. 

Standard  corrosion  testers  may  be  installed  in  the  condensate   lines  which  will 
indicate  the  rate  of  corrosion, 

QUESTIONS 

I.        What  is  the  main  purpose   for  testing  boiler  water? 


How  does  internal   treatment  prevent  scale? 


3.       What  is  the  purpose  of  treating  boiler  feedwater? 


4.       What  standard  chemicals  are  used  to  treat  boiler  feedwater? 


5.       What  is  the  purpose  of   installing  test  nipples? 


6,       What  does  a  causticity  test  determine? 


?•       What  does  a  phosphate  test  determine? 


3.       What  does  a  tannin  test  determine? 


REFERENCES 

L.       AFM  85-12,  Volume  I,   Operation  and  Maintenance  of  Central  Heating  Plants  and 
Distributin  Systems. 

2.       AFM  85-31,    Industrial  Water  Treatment 
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LOGS   AND  CHEMICAL  FEEDING 


OBJECTIVES 


Following  step-by-step  procedures,   maintain  water  treatment  log  with  80%  accuracy. 

Given  information  and  equipment,    prepare  boiler  water  sample  for  shipment  with 
instructor  assistance . 

Given  information  and  chemical   formulas,   compute  chemical   requirements  with 
instructor  assistance . 

Given  information,   determine  step-by-step  procedures  for   installation  and  servicing 
of  chemical   feeding  equipment  with  80%  accuracy. 

Using  step-by-step  procedures,    service  chemical   storage  area  with  instructor 
assistance. 

Using  step-by-step  procedures,    perform  chemical    feeding  with  instructor  assistance. 


After  you  have  tested  your  boiler  water  and  determined  the  amount  of   each  chemical 
in  the  sample,   it  is  only  fitting  we  should  record  this  information.     The  purpose  of  AF 
Form  1459,   Water  Treatment  Operating  Log  for  Steam  and  Hot  Water  Boilers,    is  to  provide 
a  record  of  water  treatment  to  boilers  of  all  Air  Force  installations.     These   logs  are 
active  as  long  as  the  base  or  installation  is  active.     The  water  treatment  logs  for  a 
plant  are  maintained  at  a  central  boiler  operation  area.     This  report  permits  technical 
review  of  current  performance  and  comparison  of  performance  over  a  long  period. 
Accumulated  reports  show  variations  due  to  changes  in  seasons  and  methods  of  operation. 

The  instructions  for  completing  AF  Form  1459  are   found  on  the  reverse  side  of  the 
log.      AF  Form  1459  is  used  by  all   installations  having   steam  and  hot  water  boilers 
operating  at   pressures  in  excess  of  15  pounds  per  square  inch  (psi)   and  HTWV  in  excess 
of  160  psi. 

Figure  15  is  an  example  of  a  completed    log.     The  far   left-hand  column  of   the   log  is 
numbered  from  1  through  31  under  the  "Date"  heading.     The  date  you  draw  your  sample  from 
the  boiler  is  the  same  day  you  should  test  the  sample.     Record  the  results  on  the  log 
and  add  chemicals  or  blowdown  the  boiler  as  needed.      Instructions  for  filling  out  the 
log  are  printed  on  t^Ae  reverse  side  (see  figure  16). 
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BEST  COPY  AVAILABLE 


Fl^  15.   Water  Treatment  Log 
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INS) AUCTIONS 


(S«r  Huresu  of 


AF  Form  M59   it   to  hm  ui^d  for   r«Ci.rdio%  w«|«r  trsBtment  <U\A   for  all   si*Bm  uni  h«.t  water 
boiler  1  that   need  chemic.l  trc.tnrnt       H  will  be  prept  red   i  n  dup  I  i  cn  t     hy  tS«  angineBr  ,n 
rharHc.  ol    the  cmtral  hrK.t»nK  plnnt       TN"    loR  will  be  pouted  <imi\y  .ii«f  forwarded  •(  tUm 
emi  of   M>r  month  to  the  base  civM  en(tinrer   for   review  atvl  opprov^l.     After  spprovs  1 ,  the 
b»»»  civil  engineer  wi  I  I    forward  thr  tecorvl  or  carbon  copy  lo  thtt  fw  jor  ron«mr«d  civil  ei» 
gir>«er  nrt   Utrr   than  the  20th  of  the   following  month.     No  logs  will  be  forwt  rded  to  Head 
quarters  LSAF. 

ColLtwn  A  thru  C      Foi   s  team  boi  le  r«  only.     Enter    in  the  appropriate  colunvi  th»  parti  p«  r 
milliof)  (p  p  m)  of  phosphate   found  by  the  co  1  or  imo  r  ie  n«thod. 

CoUiwn  p.  Enter  the  number  of  milliliters  (ml.)  of  caus  t  ici  ty  Rragent  No,  2  re<4ui  red 
to  dafttroy  the  pink  color. 

Colunjj  E  thru  G      Required  for  stenm  boilera.     Mjltiply  th*  value  antered  in  Coh»«M 
D  by  23  to  obtain  the 

^ri  pa  r  t  a  pe  r  m  i  I  1  i  ori  OH  and  cuter   in  a  ppr  opi  ia  t«?  col  i^v\  • 
Co  Km  I  H.     For  ateam  boilera  only.     Enter  the  nu«#jer   for   the  propci  *'ol«.r  .1.  s  i  ;>iia  t  i  on 

for   the  filterrd  «aniple  of  boiler  water  oa  determined  with  th«    color  ttpi»l;.r,',  Colora 

are  (1  )  very  light.   (2)  light.  (3)  madium,   (4)  dark.  (5)  very  dark. 

Coluitii  y.     Enter   the   reading  obtained  frofn  the  conductivity  nvter. 

Mines  FormBVS-2I). 

Column  J.     Enter  the  diaaolved  aolida   in  ppm  aa  calculated  by  nultiplying  the  con- 
ductivity reading  (coluon  1)  by  the  proper  conversion  factors.) 

Column  K.     Enter  the  ppm  sulfita  content  as  detennined  by  teat   for  aodiisn  sulfita 
(see  Bureau  uf  Mines  Form  BWS-7)      High  temperature  ««ter  heating  syatews  require  20^0 
ppm  sodium  Sulfite.     This  chemical  ia  r>ot   to  be  used  in  atcam  boilera  excapt  on  approval 
by  nHjor  corrrr^nd. 

ColtCTi  L.     For  high  tampcrature  water  tystema.   i.e.,  300**FwatBr  and  higher.  Entar 
the  pH  of   the  san^le  tefttad.     Required  range  ia  9,3   to  9.9. 

Column  M  thru  R.     Enter  the  total  ninbL  r  oT  pourvla  of  each  chemical  ad<led  to  the 
boiler  or  hot  wster  gerwrator  during  the  dsy.     Uae  the  bUnk  colian*   for  chemicals  sdded 
other  than  those   listed  in  colunvi  M  thru  P,  auch  as   fil«ir«  and  iteut  rs  li  s  ing  smines. 

Column^  5.    Enter  the  pH  of  the  condensate  return  ««ter.     If  a  pH  «wter  ia  not  svail- 
sble.  use  the  Buresu  of  Mines  test  kit   for  condensate  pH  and  enter  color  reading. 

Colunn  T.    Iktermine  the   total  number  of  gallona  of  blowdown  water  arvl  enter  the 
amount  in  thia  CO lumn .     Do  rxit  h  1  uwdown  high  tcinpera  ture  ww  ter  s ys teats  . 

ColUffn  \J.    Enter  the   total  sallons  of  makeup  water. 

Column  y.    Enter  the  hardness   in  ppm  of   the  n»kei»p  ««ter. 

Colum  W  th  r  II  AA .     ITiase  colimia  are  uaed  for  central  heating  pi  ant  a  ttwt  Iwe  ion 
exchangers   in  conjunc  t  ion  wl  t  h  their  opers  t  if>n  ei  the  r  for  aole  or  partial  uae  of  the 
heatlns  plant.    Enter  in  colianna  W,  X.  and  Y.   the  quantity  of  water  procesaed  daily  in 
each  ioo  exchanger.     Enter  in  colunn  2  the   total  quantity  in  ^llona  of  aoter  proceased 
to  the  heating  plant  through  all  exchangers.     Enter  in  colum  AA  t\»  qtaintl  ty  and  t)v«  of 
(salt,  acid  or  alkali),  used  to  regenerate  the  ion  exchangers. 


cheraica 

R4 


■  r  ks  . 


The  renarka  space  imy  be  used  to  indicate  any  unwuil  corvJi  t  iona  or  to 
report  special  data.    Use  the  reve  r ae  o  f  form  i  f  add  i  tiona I  apacs  ia  necesaa  r  y • 


Figure  16.     Reverse  Side  of  Water  Treatment  Log 
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PROCEDURES  FOR  SUBMITTING  BOILER  WATER  SAMPLES 


Labeling  the  Sample 

Water  samples  are  practically  useless  unless  they  are  properly   identified.  Many 
tiroes  samples  lose  their  identity  in  transporting  them  from  the  point  of  collection  to 
the  testing  laboratory.      If  the  containers  are  properly  labeled,   there  is  less  chance 
for  a  mix-up  in  the  resulting  analysis.     Control  would  be  lost  if  an  operator  was 
instructed  to  treat  boiler  water  based  upon  water  analysis  froin  a  diesel  engine. 
Properly  labeled  water  samples  also  aid  the  chemist  in  filling  out  his  reports  as  he 
tests  the  water.     Figure  17  shows  a  typical   label   for  a  water  sample. 


PLEASE  ENTER  THE  FOLLOWING  INFORMATION 

POST  OR  INSTITUTION  

BUILDING  NAME  AND 

NUMBER  

DATE__  

BOILER  NUMBE..l___  

 _zm   


Figure  17.     Label   for  Sample  Bottle 

If  you  are  testing  only  one  sample  of  water  from  only  one  boiler,   you  may  feel  it 
l.s  not  necessary  to  label  the  sample;   but  if  more  than  one  sample  is  to  be  tested.  It 
quite  easy  to  get  the  water  samples  mixed. 

Part  of  the  procedure  for  proper  treatment  of  boiler  water  ontails  periodic 
submission  of  samples  to  an  adequately  equipped   laboratory  for  the  purpose  of  check 
analysis . 

Samples  of  water  from  government-operated  boiler  plants  should  be  sent  to  the  AF 
Contract  Laboratory  to  be  analyzed  as  directed  by  AFR  91-7.      It  is  important  that  you 
collect  a  representative  sample  of  boiler  water  in  the  prepared  containers  furnished  by 
the  AF  Contract  Laboratory.     The  24-ounce  bottle  is  used  for  high  pressure  boilers 
(above  15  pounds  psl)  and  a  2-ounce  polyethylene  plastic  bottle  is  used  for  low-pressure 
boilers  (below  15  pounds  psi) .     See  figure  18. 

The  purpose  of  the  analysis  is  to  help  installations  engineer  operating  personnel 
to  correct  any  faulty  analytical  techniques  and  provide  a  quality  check  of  reagents  used 
for  your   local  analysis. 

SUBMISSION  SCHEDULE  FOR  CHECK  ANALYSIS.      Submit  samples  for  check  analysis 
according  to  the  following  schedule: 

  High-Pressure  Plants 

  Sach  operating  plant  with  high-pressure  boilers  and  one  or  more  boilers 

of  100  hp  or  higher:     at  monthly  intervals- 


id 

EKLC 


4-4 

8S1 


VALVE 


a.  Blowdown  sample  lines 

b.  Rinse  equipment 

c.  Discard  rinse  ^ater 


d-     Draw  sample  slowly 

e.     Sample  line  to  bottom 


STOPPER 


CNA-014 


f.  Overflow  bottle 

g.  Stopper  bottle 
b.     ^abel  bottle 


Place  labeled  sample  into 
mailing  container  for  ship- 
ment to  the  AF  Contract  Lab. 


Figure  18*    Sending  a  Sample  to  AF  Co^itract  Lab 
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  Each  operating  boiler  plant  with  high-pressure  boilers  with  less  than  100 

hp  capacity:  at  three-month  Intervals.  (To  even  out  the  sample  load 
and  reduce  number  of  containers  required,  schedule  one-^thlrd  oi  these 
plants  for  each  month.) 


  Low-Pressure  Plants 

  Each  low-pressure  steam  boiler  plant  treated  with  caustic  soda:  at 

monthly  Intervals  for  individual  boilers  with  a  capacity  of  100  hp  o 
more;  at  three-nonth  Intervals  for  Individual  bol^^^rs  with  a  capaclt 
less  than  100  hp. 


or 

y 


  Each  low-pressure  boiler  plant,   equipped  with  steel  or  cast-iron  boilers, 

treated  with  caustic  soda  combined  with  mstaphosphate  and  tannin:  at 
monthly   Intervals   for  Individual  boilers  with  a  capacity  of   100  hp  or 
more;   at  three-month  Intervals   for  individual  boilers  with  capacity  less 
than  100  hp. 

 Hlgh-Temps»rature  Water  Plants  (350'F  and  Above) 

  At  monthly  Intervals. 

After  filling  out  the  proper  forms  for  High-Pressure  Boiler  Water  Sample,   or  proper 
forms  for  Low-Pressure  Boiler  Water  Samples,   place  them  in  the  shipping  containers  with 
the  bottles.     Low-presure  samples  are  shipped  in  a  special  box  provided  by  the  AF 
Contract  Lab.      It  is  a  very  good  safety  precaution  to  tie  the  straps  with  a  string  to 
prevent  "snooping"  and  tape  the  corks  in  to  prevent   loosening  in  transit. 

ACTION  ON  BOILER  WATER  ANALYSIS.      The  AF  Contract  Laboratory  sends  a  carbon  copy  of 
the  boiler  water  analysis  report  direct  to  the  base.      It  sends  the  original  and  one  copy 
of  the  report,   with  a  copy  of  the  base  in-plant  test,    to  the  appropriate  major  command 
(Attn:     Civil  Engineer  Office;.      In  addition  to  the  analysis,    this  report  may  contain 
recommendations  for  chemical   treatment  control.     Major  air  command  will  consider  these 
recommendations  in  determining  corrective  action  required  at  the  base,   but  the  base  will 
make  no  major  change  in  treatment  solely  on  the  AF  Contract  Lab  recommendations  unless 
directed  by  the  appropriate  major  air  command. 

COMPUTE  CHEMICAL  DOSAGE  TO  TREAT  BOILER  WATER 

The  initial  estimated  dosages  of  chemicals  is  adjusted  to  maintain  the  chemical 
concentrations  within  a  desired  range  in  accordance  with  boiler  analysis.     Changes  In 
operating  conditions,   such  as  the  boiler  load,   the  amount  of  makeup  water  being  used, 
the  percentage  of  condensate  being  returned,   the  rate  of  blowdown,   and  seasonal  changes 
in  the  chemical  content  to  the  makeup  water,  cause  corresponding  changes  in  the  dosages 
required.     The  principal  variable  is  the  amount  of  makeup  water.     The  rate  of  blowdown 
can  be  controlled  between  definite  limits.     The  seasonal  changes  in  the  chemical  content 
of  the  makeup  water  is  usually  small.     For  good  chemical  dosage  control,   it  is  desirable 
to  adjust  the  chemical  feed  to  the  amount  of  makeup  water  being  used.     The  results  are 
then  checked  by  boiler  water  analysis  and  finer  adjustments  made  in  accordance  with  the 
chemical  excess  found.     When  the  percentage  of  makeup  being  used  does  not  change  very 
much»   it  may  be  more  convenient  to  make  the  main  dosage  adjustment  in  accordance  with 
the  steam  load  instead  of  the  amount  of  makeup. 

Dosages  of  Caustic  Soda 

For  the  initial  dosage  of  caustic  soda»  a  rough  estimate  based  on  the  boiler 
evaporation  or  the  horsepower  at  which  the  boiler  is  operating   is  generally  close 
enough.     To  start  treatment ,    about  three-fourths  (3/4)   of  a  pound  of  caustic   soda  can  be 
used   for  every  3000  pounds  of  steam  produced  per  hour  or  for  every  100  boiler 
horsepower.      In  unusual  cases,   when  the  boiler  is  using  a  very  low  percentage  of  makeup 
water  or  using  a  makeup  water  which  is  low  in  dissolved  solids,   a  smaller  initial  dosage 
can  be  tried. 

Dosage  of  Sodium  Phosphates 

The  dosage  required  to  treat  a  given  boiler  water  depends  primarily  on  the  total 
amount  of  calcium  hardness  being  carried  into  the  boiler  by  the  feedwater.  For  every 
pound  of  calcium,   about  1.8  pounds  of  sodium  metaphosphate  is  required.     Where  the 
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amount  of  makeup  used   In  a  given  period  of   time  is  known  and  there  is  no  appreciable 
hardness  in  the  condensate,    the  dosage  for  that  period  can  be  estimated,   using  the 
|foI lowing  formula: 

Dosage  of  metaphosphate  =  Pounds  makeup  x  hardness  (Ca)   in  ppm  x  1.8 

l,000,00ff 

Thus,   if  150,000  pounds  of  makeun  containing  18  ppm  calcium  is  used,   an  initial 
dosage  is  estimated   to  be: 

150,000"  X  IS  X  1,8  »  4.9  lb 
1,000,000 

Where  equipment   is  not  available   for  measuring  the  amount  of  makeup  water  used,  the 
dosage  can  be  estimated  from  the  boiler  load,   expressed  in  horsepower  output,   the  number 
of  hours  the  load  is  carried,    the  calcium  hardness  in  the  makeup  in  parts  per  million, 
and  an  estimate  of   the  percentage  of  makeup  being  used  as  shown   in   the  following 
f  orrau  la : 

Horsepower  output  x  30  x  hours  x 
Dosage  of  metaphosphate  -  percent  makeup  x  hardness  (Ca)  x  1.8 

100,000,000 

This   formula   is  based  on  one  horsepower  output   being  equivalent   to  30  pounds  of 
steaon  produced  per  hour  and  neglects  loss  by  blowdown.     The  following  example 
illustrates  the  use  of  this  formula. 

Example:      If  a  boiler  plant  is  operated  at  1,000  hp  for  8  hours  a  day  and  400  hp 

the  rest  of  the  time,   using  20  percent  makeup  water  containing  18  ppm  of 
calcium,  an  initial  daily  metaphosphate  dosage  can  be  estimated  to  be: 

1 ,000  X  30  X  8  X  20  X  18  X  1.8  +  400  X  30  X  16  X  20  X  18  X  1.8  «  1.6  +  1.2  «  2.8  lb 
100,000,000  100,000,000  

^  Where  a  steam  flowmeter  is  available  which  gives  the  total  steaw  output   in  pounds 

in  a  given  time,   this  value  can  be  used  in  the  above  formula  in  place  of  the  figure  for 
horsepower  output  X  30  X  hours. 

If  a  polyphosphate  other  than  the  metaphosphate  is  used  and  the  P2O5  content  is 
different,   the  factor  1.8  would  be  changed  accordingly. 

Dosage  of  Tannin 

The  concentration  of  tannin  maintained  in  a  boiler  is  not  as  definite  as  the  other 
added  chemicals.     There  is  a  wide  range  of  concentration  in  which  satisfactory  action  of 
the  tannin  is  obtained.     One  of  the  most  commonly  used  methods  of  estimating  the  initial 
dosage  would  be  approximately  one~half  (1/2)  pound  of  tannin  per  day   for  every  3000 
pounds  of  steam  being  produced  per  hour. 

Dosage  of  Sodium  Sulfite 

The  dosage  of  sulfite  required  depends  upon  the  concentration  of  oxygen  in  the 
feedwater  and  the  rate  of  blowdown. 

Lbs  of  Peed  X  Oxygen  in  Feed  ppm  X  8.8  +  Lbs  Feed  X  %  Blowdown  X  0.3 

1,000,000  1,000,000 

Example:      456 ,500  X  10  X  8.8  +  456,500  X  5  X  0.3 
1,000,000  1,000,000 

Dosage  of  Neutralizing  Amines 

When  most  of   the  CO2  in  the  makeup  water  goes  out  with  the  steam,    it  does  with 
phosphate  control,   the  initial  dosage  of  cyclohexylamine  a  morpholine  can  be  estimated 
from  the  amount  of  makeup  water  used  and   its  total  CO2  concentrations.     Use  the 
^following  formulas : 
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Pounds  of  60-Percent  Cyc  lohexy  lamtne  =■ 

Pounds  of  Makeup  X  CO2  tn  Wakeup  in  ppra  X  3.3 

1 ,oooTooo 

Pounds  of  98-Percent  Cyc lohexy lamlne  « 

Pounds  of  Makeup  X  CO2  tn  Makeup  tn  ppm  X  2 

Pounds  of  91-Percent  Morphollne  = 

Pounds  of  Makeup  X  CO2  tn  Makeup  tn  ppm  X  2 

1  foooTooo 

ADJUSTMENT  OF  CHEM?:CAL  DOSAGE 

The  Initial  estimated  dosage  is  adjusted  to  maintain  the  causticity   tn  the  desired 
range,   tn  accordance  with  boiler-water  analysts.     Changes  tn  operating  conditions,  such 
as  the  boiler  load,   the  amount  of  makeup  water  being  used,   the  percentage  of  condensate 
being  returned,   the  rate  of  blowdown,  and  seasonal  changes,   tn  tlie  chemical  content  of 
the  makeup  water,   cause  corresponding  changes  in  the  dosage  required.     The  principal 
variable  is  the  amount  of  makeup  vrater.   The  rate  of  blowdown  can  be  controlled  between 
definite  limits,   and  seasonal  changes  in  the  chemical  content  of  the  makeup  water  are 
generally  small.     For  good  chemical  dosage  control,   it  is  therefore  desirable  to  adjust 
the  chemical  feed  to  the  amount  of  makeup  being  used.     The  results  are  then  checked  by 
boiler  water  analysis  and  finer  adjustments  made  in  accordance  with  the  causticity  it 
may  be  more  convenient  to  make  the  main  dosage  adjustment  in  accordance  with  the  boiler 
load  instead  of  the  amount  of  makeup. 

SAFE  HANDLING  OF  CHEMICALS 

Handling  of  Chemicals 

PROTECTIVE  EQUIPMENT.      It  is  not  only  your  responsibility  to  obtain  protective 
equipment  but  also  to  insure  that  the  quality  of  the  matrial  does  not  deteriorate  to  a 
point  where  it  will  not  provide  adequate  protection.     All  personnel  should  be  instruct€|| 
as  to  when  and  how  equipment  should  be  used.      It  is  des- rable  to  have  a  deluge  shower  ^ 
installed  in  an  area  where  chemicals  are  regularly  handled.     However,    if  this  is  not 
feasible,  there  are  several  antidotes  or  home  remedies  such  as  the  use  of  vinegar  and 
baking  soda  to  neutralize  bases  and  acids  that  one  might  accidentally  come  in  contact 
with.     Another  common  device  that  can  be  used  to  good  advantage  is  the  drinking  foun- 
tain.    It  provides  an  emergency  method  of  washing  away  any  chemical  coming  in  contact 
with  the  face  or  eyes.     This  is  NOT  a  "Do  It  Yourself  Guide"  for  treatment  of  chemical 
burns,   but  a  little  first  aid  before  you  head  for  the  hospital  will   sometimes  reduce 
what  would  be  a  major  injury  to  a  minor  one. 

MIXING  CHEMICALS*     There  are  a  few  general   rules  that  apply  to  the  mixing  of  the 
acids  and  strong  bases  that  are  commonly  used  in  boiler  treatment.     They  are  as  follows 

  Never  use  hot  water  for  mixing  acids  and  strong  bases. 

  Always  pour  the  chemical  into  the  water,   rather  than  water  into  the  chemical. 

  Stir  constantly  while  adding  chemicals.     This  will  prevent   formation  of  high 

concentration  areas. 

Storage  of  Chemicals 

Chemicals  should  be  identified  properly,   immediately  upon  receipt.     Do  not  depend 
upon  the  ability  of  the  issue  clerk  or  the  rquestor  to  be  able  to  identify  these  chemi- 
cals at  a  later  date.     UNLABELED  CHEMICALS  ARE  AN  ACCIDENT  LOOKING  FOR  A  PLACE  TO 
HAPPEN.     Chemicals  should  be  stacked  on  pallets  or  dunnage  and  should  not  be  stacked 
higher  than  chest   level   to  using  personnel.     Chemicals  in  metal   containers  that  are  to 
be  stored  for  long  periods  should  have  the  exterior  surfaces  thoroughly  cleaned  prior  t 
storing • 
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Chemical  /Vdmlsslon  to  Boilers 


Wliea  referring  to   Internal    treatment,   we  will   limit  our  discussion  to  chemicals 
admitted  to  the  system  frotn  a  point  at  or  near  the  suction  side  of  the  boiler  feed 
up  tc^  and    Including   thi»  boiler  steam  header. 
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SHOT  OR  SLUG  FEED  SYSTEM.     These  systems  are  subdivided   Into  pot- type 
eductor  systems  and  automatic  shot    feed  arrangements,    in  which  the  object 
device  is  to  rapidly  introduce  a  unit  charge  of  chemical  treatment 
sysrtems  are  employed  to  avoid  feed   line  deposits  that  might  result 
P   jbably,   the  oldest  method  used    for  the 
introduction  of  chemicals  Is   the  POT-TYPE 
FEEDER  which  consists  of  a  presure  tank  and 
fittings.     The  chemical   charp;e  Is  prepared 
by  dissolving  the  chemicals   in  a  bucket  and 
then   filling  the  pressure  tank  with  the 
solution^      It   is  necessary,  of  course,  to 
drain   water  from  the  tank  and  open  the  air 
Vent  prior  to  pouring  the  chemical  solution 
Into   the  tank.     Within  a   few  minutes,  the 
Kolutit>n  will    bo  washed   nnt  of    thti  prosstire 
tank  and  will  be  Injected   Inti)  the  boiler, 
fpedwater  pressure  or  flow,  boiler  feedwater 
pump  suction  methods  used  for  transferring 
chemicals   from  the  feeder  to  the  boiler. 
The  "slug"  or  "shot"  method  shown  in  figure 
19  is  the  adding  of  a  batch  of  chemicals  at 
one  time  directly  to  the  boiler.  This 
system  is  usually  satisfactory  when  the 
number  of  "shots"  or  "slugs"  per  day  does 
not  exceed  three  or  four.     If  more  frequent 
"shots"  are  required.    It   Is  possible  to 
install  a  large  mixing  or  dissolving   tank  to 
be  used   In  conjunction  with  pot-type 
feeders,    thus  eliminating  the  inconvenience 
of  dissolving  chemicals  each  time  an 
addition  of   treatment   Is  necessary.  Shot 
feel  systems  may  be  comprised  of  a  timer- 
operated  Jump  that  functions   for  one  ten- 
mlntite  maximum  period  each  hour. 


fe  eders , 
)f  the  feeding 
Usual ly ,  theoe 
from  continuous  feed. 
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Figure  19. 


Bypass  Feeder  for  "Slug" 
Feeding  Chemicals 


CONSTANT  RATE  FEEDERS.     Constant   rate   feeders  supply  a  chemical   solution  at  a 
constant  rate  of   flow,  but  flow  may  be  intermittent.     This  type  of   feeder  will  vary  from 
a  simple  drip-type  device  to  a  timer-operated  controlled  volume  pump. 

PROPORTIONAL  FEED  SYSTEMS.     This  type  system  receives  its  name   from  the   fact  that 
the  amount  of  chemical  supplied   to  the  system  is  in  direct  proportion  to   the  rate  of 
supply  or  discharge.     Therefore,    I t  is  possible  to  maintain  an  exact  percentage  of 
chemical    in  the  system  at  all  times.      Proportional   feed  systems  range   from  the  simple 
pot-typo  feeder,    using  chemicals  in  briquette  form,    to  the  more  elaborate  systems  such 
as  the  General  Electric   "Thymotrol"  system. 

SUMMARY 

For  economy  and   longlife  of   your  boiler,   you  must  maintain  an  AF  Form  1459,  Water 
Treatment  Operating  Log  for  steam  and  hot  water  boilers. 

Boiler  water  samples  for  the  AF  Contract  Lab  should  be  carefully  collected  and 
labeled.      (This  sample  should  represent  the  same  water  that  the  operator  samples  on  that 
day.)     Forms  should  be   filled  out  accurately  and  shipped  the  same  day. 
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QUESTIONS 

1.  What  is  the  purpose  of  water  sample  submission  to  AF  Contract  Lab? 

2.  Why    is  It  nocos«ary   l.o   labcU   samples  as  they  drawn? 

3.  How  is  a  water  sample  taken  frvxn  a  boiler? 
I,       What  are  water  sampling  coils? 

5.  Who  is  responsible  for  the  preparation  of  the  Monthly  Water  Treatment  Log  (AF  Form 
1459)? 

6.  Where  ar«?  the   inst  r  ^ct  ions   found   for   filling  out   the  log? 

7.  Why  is  it  important  to  keep  test  and  water  treatment  records? 


REP^:RENCKS 

V 

1.  AFM  85-12,  Volume  I.   Operation  and  Maintenance  of  Central  Heating  Plants  and 
Distribution  Systems. 

2.  AFM  85-31.    Industrial  Water  Treatment. 

3.  AF  Form  1459.   Water  Treatment  Operating  Log  for  Steam  and  Hot  Water  Boilers. 
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CHEMICAL  FEEDING 


^Chemical  /Admission  to  Boilers 

When  referring  to  Internal   treatment,  we  will   limit  our  discussion  to  chemicals 
admitted  to  the  system  from       point  at  or  near  the  suction  side  of  the  boiler   feed  pump 
up  to  and  including  the  boiler  steam  header. 

SHOT  OR  SLUG  FEED  SYSTEM.     These  systems  are  subdivided   into  pot-type  feeders, 

ediictor  systems  and  automatic  shot  feed  arrangements,   in  which  the  object  of  the  feeding 

device  is  to  rapidly  introduce  a  unit  charge  of  chemical   treatment.     Usually,  these 

systems  are  employed  to  avoid  feed   line  deposits  that  might  result  from  continuous  feed. 

Probably,  the  oldest  method  used   for  the 

introduction  of  chemicals  is  the  POT-TYPE 

FEEDER  which  consists  of  a  presure  tank  and 

fittings.     The  chemical  charge  is  prepared 

by  dissolving  the  chemicals  in  a  bucket  and 

then  filling  the  pressure  tank  with  the 

solution.     It  is  necessary,  of  course,  to 

drain  water  from  the  tank  and  open  the  air 

vent  prior  to  pouring  the  chemical  solution 

Into  the  tank.     Within  a  few  minutes,  the 

solution  will  be  washed  out  of  the  pressure 

tank  and  will  be  injected  into  the  boiler, 

feedwater  pressure  or  flow,  boiler  feedvater 

pump  suction  methods  used  for  transferring 

chemicals  from  the  feeder  to  the  boiler. 

The  "slug'*  or  '"shot"  method  shown  in  figure 

19  is  the  adding  of  a  batch  of  chemicals  at 

one  time  directly  to  the  boiler.  This 

system  is  usxially  satisfactory  when  the 

number  of  "shots"  or  "slugs"  per  day  does 

not  exceed  three  or  four •     If  more  frequent 
^"shots"  are  required,   it  is  possible  to 
^install  a   large  mixing  or  dissolving  tank  to 
^be  used  in  conjunction  with  pot-type 

feeders,    thus  eliminating  the  inconvenience 

of  dissolving  chemicals  eari  time  an 

addition  of  treatment  is  necessary.  Shot 

feed  systems  may  be  comprised  of  a  timer- 
operated  jump  that  functions  for  one  ten- 
minute  maximum  period  each  hour.  Figure  19.     Bypass  Feeder   for  "Slug" 

Feeding  Chemicals 

CONSTANT  RATE  FEEDERS.     Constant  rate  feeders  supply  a  chemical   solution  at  a 
constant  rate  of  flow,  but  flow  may  be  intermittent.     This  type  of  feeder  will  vary  from 
a  simple  drip-type  device  to  a  timer-operated  controlled  volume  pump. 

PROPORTIONAL  FEED  SYSTEMS.     This  type  system  receives  its  name  from  the  fact  that 
the  amount  of  chemical   supplied  to  the  system  is  in  direct  proportion  to  the  rate  of 
supply  or  discharge.     Therefore,   it  is  possible  to  maintain  an  exact  percentage  of 
chemical   in  the  system  at  all  times.     Proportional   f^ed  systems  range  from  the  simple 
pot-type  feeder,   using  chemicals  in  briquette  form,   to  the  more  elaborate  systems  such 
as  the  General  Electric  "Thymotrol"  system. 

SUMMARY 

For  economy  and   long  life  of  your  boiler,   you  must  maintain  an  AF  Form  1459,  Water 
Treatment  Operating  Log  for  steam  and  hot  water  boilers. 

Boiler  water  samples   for  the  AF  Contract  Lab  should  be  carefully  collected  and 
labeled.      (This  sample  should  represent  the  same  water  that  the  operator  samples  on  that 
day.)     Forms  should  be  filled  out  accurately  and  shipped  the  same  day. 
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QUESTIONS 

1*       \fhsLt  is  the  purpose  of  water  sample  submission  to  AF  Coi  tract  Lab? 

2.  Why  is  It  necessary  to  label   samples  as  they  are  drawn? 

3.  How  is  a  water  sample  taken  from  a  boiler? 

4.  What  are  water  sampling  coils? 

5.  Who  is  responsible  for  the  preparation  of  the  Monthly  Water  Treatment  Lofj   (AF  Form 
1459)? 

6.  Where  are  the  instructions  found  for  filling  out  the  log? 

7.  Why  is  it  important  to  keep  test  and  water  treatment  records? 

REFERENCES 

1.  AFM  85-12,  Volume  I,   Operation  and  Maintenance  of  Central  Heating  Plants  and 
Distribution  Systems . 

2.  AFM  85-31,    Industrial  Water  Treatment. 

3.  AF  Form  1459,   Water  Treatment  Operating  Log  for  Steam  and  Hot  Water  Boilers.  i 
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EXTERNAL  CORROSION 


OBJECTIVE 


The-  purpose  of  this  section  of  the  study  guide  is  to  aid  you  in  better  understanding 
corrosion  that  attacks  heating  plants  and  systems,  oexcer  unaerstand ing 


INTRODUCTION 


same.     Much  of  the  waste  caused  by  corrosion  is  due  to  a  lack  of  kno^ledee  of  thi 
subject;   therefore,   it  is  important  to  become  familiar  with  thf typJs  of ^co?roJ5on 
their  effects  on  different  metals.  i^yp«=^  oi  corrosion 


INFORMATION 


TYPES   OF  CORROSION 


^ 


Gal vanic  corrosion 
Dissimilar  metals 
Dei^incif  ication 
Pitting  due  to  mill  scale 
Dissimilarity  of  surface 
Dissimilar  soil  conditions 
Different  aeration  of  soil 
Concentration  cell  corrosion 
Oxygen  cell  corrosion 


Stray  current  corrosion 

Bacterial  corrosion 

Active  passive  cell  corrosion 

Stress  corrosion 

Uniform  corrosion 

Pitting  corrosion 

Local  corrosion 

Cracking  corrosion 

Exfoliation  corrosion 


SOURCES  OF  CORROSION 


Sources  of  corrosion  are  many  and  rather  hard  to  pinpoint  o 
The  largest  source  of  corrosion  comes  from  the  metal   involved  a.iu  j.^^ 
^^If.lTtlJ.  an  all   important  part  of  corrosion  of  any  metal  and  when 

impurities  found   in  this  moisture  are  present  corrosion  is  accelerated 


amounts . 


r  classify  as  sources, 
and   its  environment. 

certain 
to  unprecedented 


K^4i'^^'''  presence  of  oxygen  is  usually  essential   for  serious  corrosion   in  pipelines 
boilers,   steam  generators,   and  other  equipment.  pipelines, 

as  bSierpKe^Jnes.'^''"^''''''^         """"^  ^""^   ''^''^^^  corrosion  to  underground  structures  such 

acids?''Ind^sal?s/''''"^^  temperature  often  increases  with  the  concentration  of  alkalies. 

Different  metals  are  affected   differently  with  these  impurities  found   in  water 
sull^dr'^ri  H  corrosion  well,   but  with  a  slight  concentration  of  hJSrogen 

f^Jf  ln;.!:L^^r^''''^^f^  ''^^i'^^^-     Aluminum  is  resistant  to  many  environments,  but  when 
this  environment  contains  hydroxides,   corrosion  of  the  aluminum  progresses  rapidly. 

PRINCIPLES  OF  GALVANIC  CORROSION 

A^^.??^^^  ^^^^  basic  definitions  required  to  understand  galvanic  corrosion 

Additional   terms  will  be  used  throughout  this  section  and  will  SfdlJi^ed  at  ?S?  ^tm;. 

JheiTenJiJLmJrJt'?^         "^""^  ^^""^^   ^'^^  '^^''^^  "^^^  "^"^^"^^   reaction  between  metals  and 
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2.  Galvanic  corrosion  Is  defined  as  corrosion  associated  with  the  current  of  a  galvanic 
cell  made  up  of  dissimilar  eloctrod^s^ 

3.  A  galvanic  cell  Is  a  cell  make  up  of  two  dissimilar  conductors  In  contact  with  an 
electrolyte. 

4.  Electrolyte  Is  a  chemical   substance  or  mixture,   usually  liquid,  containing  ions 
which  migrate  in  an  electric   field  and  thus  conduct  electrical  current.  ^ 

5.  An  anode  Is  the  electrode  oX   an  electrolytic  cell  at  which  oxidation  occurs. 

6.  A  cathode  is  the  electrode  of  an  electrolytic  cell  at  which  reduction  occurs. 

7.  Oxidation  is  loss  of  electrons  by  an  atom  or  ion. 

8.  Reduction  is  the  gain  of  electrons  by  an  atom  or  ion. 

Galvanic  Corrosion 

When  two  dlfforcat  conductive  raatorials 
(known  as  electrodes)  are  immersed  in  a  third 
conductive  material   (known  as  the  electrolyte), 
a  voltage  difference  appears  between  the 
electrodes.     If  a  connection  is  made  between 
the  electrodes,   current  will  flow  froin  one 
electrode   to  the  other   In  accordance  with  Ohm's 
law  (see  figure  20). 


This  Is  the  principle  upon  which  all 
batteries  are  made.     The  automobile  storage 
battery  uses  electrodes  of  lead  and  lead 
peroxide  in  an  electrolyte  of  sulfuric  acid. 
The  ordinary  dry  cell  uses  electrodes  of  carbon 
and  zinc  In  an  ammonium  chloride  electrolyte  in 
paste  form. 


In  a  galvanic  cell  (figure  21),  current 
leaves  the  cell  at  one  electrode  (called  the 
cathode),   flows  through  the  external  circuit 
and  enters  at  the  other  elecrode  (the  anode) 
and   returns  to  the  cathode  by  flowing  through 
the  electrolyte.     As  the  current  leaves  the 
anode  and  enters   the  electrolyte,   some  of  the 
anode  material  changes  (becomes  ionized)  and 
goes  into  solution  in  the  electrolyte.  This 
loss  of  anode  material  is  galvanic  corrosion. 


of  a 


When 


Figure  20.     Galvanic  Cell 
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THE  GALVAI^IC  SERIES.     The  construction 
galvanic  cell  or  battery  requires  that  the 
electrodes  be  of  two  different  materials, 
these  two  materials  are  immersed   in  the 
electjrolyte  and  connected  externally,  current 
will  flot7  from  one  to  the  other,   always  in  the 
same  direction;   from  +  (cathode)  to  -  (anode) 
in  the  external  circuit,  and  from  -   (anode)  to 
+  (cathode)   in  the  electrolyte.     When  two 
conductive  materials  are  placed  in  an 
electrolyte,   one  will  become  the  cathode  and 
the  other  will  become  the  anode.  The 
anode -cathode  relationship  is  always  the  same 
for  any  two  materials*     For  example,    if  iron 

and  magnesium  are  used  as  electrodes,    iron  will  always  be  the  cathode  and  magnesiuji  will 
always  be  the  anode.     However,   if  iron  and  copper  are  placed   in  an  electrolyte,  iron 
becomes  the  anode  and  copper  becomes  the  cathode.     This  means  that  in  the  iron-magnesium 
cell,   the  magnesium  will  corrode;  while  in  an  iron-copper  cell,   the  iron  will  corrode. 
These  three  metals  can  be  listed  in  the  order  of  their  anode-cathode  relationship  as 
follows : 


Figure  21 


Current  Flow 
Cell 


in  a  Galvani 
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ANODIC  OR  CORRODED  END 

Magnesium 

Irou 

Copper 


CATHODIC  OR  PROTECTED  END 

Indicating  that  if  a  magnesium-copper  cell  were  constructed,   the  magnesium  would  cor- 
rode.    This  list  for  a  given  electrolyte  is  known  as  a  galvanic  series  and  will  tell 
which  of  two  materials  will  be  the  anode  and  which  will  be  the  cathode  in  that  partic- 
ular electrolyte,     A  galvanic  series  for  metals  In  sea  water  is  shown  at  Table  3-  This 
galvanic  series  can  be  used  for  most  situations  occurring  at  Air  Force  installations. 

Table  3.     Galvanic  Series 


ANODIC  OR  CORRODED  END  OF  THE  SERIES 


Magnesium  (Galvomag  allow) 
Magnesium  (H-1  alloy) 
Zinc 

Aluminum  (Alclad  3003) 
Aluminum  (3003-H18) 
Aluminum  (6061-T6) 
Aluminum  (5052-H38) 
Cast  Iron 
Carbon  ^teel 

Stainle&3  Steel  Type  430,   17%  Cr  (active) 
Ni-resist  cast  iron,   20%  Ni 

Stainless  Steel  Type  304,   18%  Cr,  8%  Ni  (active) 

Stainles  Steel  type  410,   13%  Cr  (active) 

Ni-resist  cast  iron,   30%  Ni 

Ni-resist  cast  iron,   30%  NI 

Ni-resist  cast  iron,   30%  Ni  +  Cu 

Naval  Rolled  Brass 

Yellow  Brass 

Copper 

Red  Brass 

Composition  G  Bronze 

Admiralty  Brass 

90-10  Cupro-nickel ,  0.8%  iron 

70-30  Cupro-nickel ,   0.06%  iron 

70-30  Cupro-nickel ,   0.47%  iron 

Stainless  Steel  Type  430,   17%  Cr  (passive) 

Nickel 

Stainless  Steel  Type  316,   18%  Cr,   12%  Ni,   3%  Mo  (active) 
Inconel 

Stainless  Steel  Type  410,   13%  Cr  (passive) 

Titanium  (commercial ) 

Silver 

Titanium  (high  purity  from  iodide) 

Stainless  Steel  Type  304,   18%  Cr,   8%  Ni  (passive) 

Hastelloy  C 

Monel 

Stainless  Steel  Type  316,   18%  Cr,   12%  Ni,   3%  Mo  (passive) 


CATHODIC  OR  PROTECTED  END  OF  THE  SERIES 


Table  3  shows  that  magnesium  will  corrode  •ind  therefore  protect  steel,   that  steel 
¥il 1  corrode  and  protect  copper;  and   that  copper  in  turn  will  protect  silver. 

THE  ELECTROLYTIC  CELL.     The  electrolytic  cell   is  similar  to  the  galvanic  cell, 
except  that  the  electrode  materials  can  be  either  the  same,   or  so  close  in  the  galvanic 
series  that  voltage  difference  (and  corrosion)  is  extremely  small.      In  this  type  of 
sell,   the  voltage  is  provided  by  an  outside  soux ce  »ud  the  electrode  polarity  is 
reversed. 
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In  the  electrolytic  cell,  the  anode-cathode  relationship  is  determined  by  the 
polarity  of  the  dc  current  source*     If  the  polarity  of  the  source  is  reversed,  the 
cathode  will  become  the  anode  and  the  anode  will  become  the  cathode*     This  happens  in  an 
automobile  when  the  generator  is  charging  the  battery.     It  is  possible  to  change  a 
galvanic  cell  Into  an  electrolytic  cell  by  inserting  a  dc  source  into  the  circuit  and 
reversing  the  normal  galvanic  anode-cathode  relationship  and  causing  the  electrode  that 
formerly  corroded  to  be  protected*     This  is  the  basis  for  the  impressed  current  systems 
of  cathodic  protection  (see  figure  22).  ^ 


1 


O 

o 

i 


NOOIC 
ARC  A 


3 


SOIL  IlLECTROLTTEl 


Figure  22. 


Current  Flow  in  an 
Electrolytic  Cell 


Figure  23. 


Current  Flow  in  a 
Concentration  Cel 1 


THE  CONCENTRATION  CELL.     A  concentration  cell   is  formed  by  electrodes  of   the  same 
material  in  an  electrolyte  of  varying  composition  (different  environment).  Typical 
concentration  ce? Is  are  formed  on  the  surfaces  of  buried  metal   (such  as  a  pipe)  where 
the  nioist  soil  serves  fas  the  electrolyte.     Concentration  cells  may  be  formed  by  many 
types  of  changes  in  electrolytes.     For  example:     variations  in  the  amount  of  o:^ygen  in 
the  soil,   changes  in  moisture  content,   or  changes  in  soil   types  may  set  up  concentration 
cells  and  cause  corrosion  of  underground  structures  (see  figure  23). 


RATES  OF  (X)RROSION.     Electrochemical  corrosion  takes  place  in  accordance  with 
Faraday*s   law;   that  is,  26.8  ampere-hours  will  remove  one  gram-equivalent-weight  of 
metal.     Table  4  lists  ccanmon  structural  metals  and  the  weight  loss  which  would  be  due  t 
a  current  of  one  ampere  flowing  for  one  year. 


I 


Table  4.     Electrochemical  Equivalents  of 
Common  Structural  Metals 


Metal 


ffel^^ht  Loss 
Pounds  per  Ampere^Year 


Iron 

Alumi num 
Lead 
Copper 
Zinc 

Magnesium 

Nickel 

Tin 

Silver 

Carbon 


20.1 
6.5 
74.5 
22.8 
23.6 
8.8 
21 .1 
42.0 
77.  6 
2.2 
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PRACTICAL  ASPECTS  OF   ELECTROCHEMICAL  CORROSION 


orrosLora  of  Metal    In  the  Ground 

Any  type  of  metal  structure  In  contact  with  moist  earth  can  be  subject  to 
lectrochemical  corrosion.     The  structures  usually  thought  of  in  this  respect  are: 

Pipelines  (water,   gas,    fuel,   steam,  etc) 

Tanks  (water,  fuel) 

Piling  (sheet  and  H)   +  Pipe 

Cables  and  electrical  conduits 

GALVANIC  CORROSION  may  be  set  up  vhere  dissimilar  metals  can  form  a  galvanic  cell, 
or  example,   a  copper  water  service   line  and  a  steel  gas  service   line  are  buried  in  the 
round  are  connected  to  a  hot  water  heater.     In  this  case,   current   leaves  the  gasline 
anode)   corroding  the  steel,    and   flows  through  the  earth  to  the  copper  water line 
cathode)  and  back  to  the  steel  pipe   through  the  hot  water  heater. 

ELECTROLYTIC  CORROSION  is  a  result  of  the  formation  of  an  electrolytic  cell  by  stray 
c  electric  current. 

CONCENTRATION  CELL  CORROSION  is  probably  the  most  common  type  of  corrosion  occurring 
>n  burled  structures.      It   is  caused  by  local,   and  sometimes  minute,   variations  in  soil 
lakeup.     The  effects  of  this  type  of  corrosion  vary   from  light  general  corrosion  to 
;evere  local  pitting  and  metal    loss  depending  on  soil   and  moisture  conditions. 

!orrosion  of  Metals  in  Water 

Metals  in  contact  with  electrically  conductive  water  also  corrode  elect rochemical ly . 
tructures  subject  to  corrosion  under  these  conditions  are: 

Water  Storage  Tanks 

Evaporative  Condenser  and  Cooling  Tower  Sumps 
Evaporative  Cooler  Pans 
Hot  Water  Tanks 

Sheet  Pile  Retaining  Walls  (along  waterways) 

lorrosion  in  water  is  due  to  a  combination  of  galvanic  and  concentration-cell  corrosion. 

lO  metal  can  be  made  exactly  the  same  throughout.     There  are  always  small  variations  in 
he  makeup  of  a  metal   sheet  or  plate  due  to  flaws  in  the  material,    differences  in  crys- 
;al   structure,   or  uneven  mixing  of  alloying  materials.     These  minute  differences  in  the 
letal  are  enough  to  set  up  tiny  galvanic  cells  when  the  surface   is  covered  with  water, 
[nder  static  conditions  (when  the  water  is  not  moving)  changes  in  the  concentration  of 
Lissolved  solids  in  the  water  aggravates  the  rate  of  galvanic  corrosion-     The  rate  of 
corrosion  is  greatly  influenced  by  the  ability  of   thewater  to  conduct  electricity.  It 
s   for  this  reason  that  corrosion  is  much  more  rapid  in  sea  water  than  in   fresh  water. 

Jorrosion  Caused  by  Dissimilar  Metals 

In  this  type  of  corrosion,   the  metal 
lighest  on  the  emf  series  becomes  the  anode, 
'he  electrolyte  may  be  the  water  carried  inside 
ft  the  pipe  resulting  in  internal  corrosion. 
;t  may  also  be  in  the  form  of  moisture  or  damp 
toil   on  the  external  surface  of  the  pipe. 
)ften,   it  is  caused  by  placing  dissimilar 
letals  together  as  in  figure  24. 

)ezincif  ication 

Dezincif tcatton  is  a  phenomenon  of  corrosion  that  Is  limited   to  the  brasses--an 
illoy  made  up  of  copper  and  zinc   (see  figure  25).     As  the  name   Implies,    zinc  is  lost 
from  the  alloy  by  going  into  solution  leaving  as  a  residue,   or  by  a  process  of  redeposi- 
;ion,   a  porous  mass  of  copper  having   little  mechanical  strength.     Dezincif ication  may  be 
jaslly  observed  since  attacked  areas  show  the  color  u£  oo^jper  as  compared  to  the  very 
llstlnctive  yellow  of  brass. 


Dissimilar  %ieTALS 


Figure  24.      Corrosion  Caused  by 
Dissimilar  Metals 


Figure  25.      Dezxnclf Icatloa 

Pitting  Due  to  Mill  Scale 

In  the  manufacture  of  pipe,  mill  scale 
becr.nes  embedded   in  the  pipe  ^alls.     The  mill 
scale  embedded  in  the  iron  pipe  constitutes  two 
dissimilar  oaetals.     The  moist  soil  acts  as  an 
electrolyte.     Current  leaves  the  iron  pipe 
wall,   passes  through  the  electrolytic  soil  to 
the  mill   scale  and  returns  to  the  pipe  metal. 
This  causes  severe  pitting  of  the  pipe  metal  at 
the  anodic  areas  (see  figure  26). 

NOTE:     Mill   scale  magnetic  oxide  of  iron 

formed  on  steel  whenever  hammered  or 
rolled  in  a  heated  condition  is 
removed  by  "pickling"   in  sulfuric 
acid. 

Figure  26.      Pitting  Due  to  Mill  Seal 

Corrosion  Caused  by  Dissimilarity  of  Surface 

This  type  of  corrosion  occurs  when  there  is  bright  or  polished  surfaces  on  some 
areas  of  the  pipe  walls  in  contact  with  a  suitable  electrolytic  soil.     These  bright 
surfaces  become  anodic  to  the  remaining  pipe  surface.     In  a  high  ionized  soil,   the  M 
polished  surfaces  corrode  at  an  accelerated  rate,  weakening  the  pipe  at  that  point.  ^ 
These  bright  surfaces  may  be  made  by  a  pipe  wrench  producing  scars  and  scratches  or  by 
shai*p  edges  of  rocks  when  backfilling.     The  threads  on  both  sides  of  a  coupling  may 
expose  bright  surfaces  which  corr"»de  easily.     Corrosion  in  the  threads  can  produce  the 
added  difficulty  of  causing  perforation  of  the  pipe  wall  (see  figure  27). 


J-RKSH  TllkKADS  PIPF  WKKNCII  CUTS 


Figure  27.     Corrosion  Caused  by  Dissimilarity  of  Surface 

Corrosion  Due  to  Dissimilar  Soil  Conditions 

Figures  28  and  29  show  galvanic  action  due  to  dissimilar  or  different  soil 
conditions.     This  is  a  general   corrosion  problem  esp)ecially  prevalent  in  highly  alkalia€ 
areas.     Corrosion  currents  leave  the  pipe  wall   into  compact  soils  and  enter  the  pipe 
wall  from  light  sandy  soils.     The  intensity  of  the  corrosive  currents  and  the  resulting 
rate  of  corrosion  at  the  anodic  areas  of  the  piping  are  directly  proportional  to  the 
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conductivity  of  the  soil.     Earth  current  meters  are  used  to  determine  the  location  of 
the  anodic  and  cathodic  areas  and  the    extent  corrosive  currents  exist.     This  meter 
determines  if  piping  requires  protection. 


I  oo^t  At  HA  II  n 


Figure  28.     Corrosion  Caused  by  Figure  29.     Corrosion  Caused  by 

Dissimilar  Solids  Differential   Aeration  of  Soil 

Corrosion  Due  to  Differential   Aeration  of  Soil 

In  figure  29,   the  galvanic  cell  which  produces  corrosion  is  caused  by  differential 
aeration  of  soil   in  backfil 1-     This  type  of  corrosion  is  the  result  of  an  electro- 
chemical reaction  between  the  damp  solid  ground  on  which  the  pipe  rests  and  the  loose 
drier  backfill  which  surrounds  the  pipe.     This  condition  results  in  severe  pitting  on 
the  bottom  of  the  pipe. 

Concentration  Cell  Corrosion 

As  noted  previously,    ions  of  a  metal  will 
be  given  up  at  the  metal's  surface  to  enter 
into  solution.     Whenever  a  higher  metal-ion 
concentration  exists  in  one  region  more  than  in 
another,   an  electrical  potential   is  created 
between  these  areas.     The  one  having  the  higher 
ion  concentration  is  cathodic   (see  figure  30. 
A  typical  example  of  metal-ion  cell  corrosion 
may  be   found  around  riveted   lap  Joints,  Such 
reaction  is  caused  by  the  relatively  high-ion 
concentrations  in  fairly  stagnant  areas  within 
the  lap  joint.     Corrosion  of   this  type  is 
usually   found  at  the  outer  edges  of  Joints  or 
deposits  since  the  off  stated  el ect rochmical 
action  will  try  to  make  the  concentrations 
uniform  by  forcing  metal   into  solution  at  the 
point  of  lower  concentration. 

Corrosive  attack  in  areas  of  breakthrough  of  the  protective  coatings,   such  as  paint, 
sealers,   protective  oils,   and  greases,    is  another  form  of  metal    ion  concentration  cell. 
Also  included  in  this  would  be  oxide  films  of  the  metal  and  inhibitor  films. 


Low  metal  ion  concentration 


-High  metal  ion  concentration 
Riveted  lap  ;)oint 


Figure  30. 


Concentration  Cel 1 
Metal  Ion  Type 
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Oxygen  Cell  corrosion 


Figure  31  illustrates  oxygen  cell  corrosion 
which  occurs  when  a  solution  contains  varying 
amounts  of  dissolved  oxygen.     A  deposit, 
crevice  or  sharp  corner  that  prevents  the 
diffusion  of  air  into  these  areas  will  result 
in  a  difference  of  oxygen  dissolved  in  the 
solution.      In  this  case,  current   leaves  the 
metal  at  the  region  of  lowest  oxygen 
concentration,  passes  through  the  electrolyte, 
and  enters  the  metal  again  at  the  area  having 
the  higher  concentration  of  oxygen.      It  should 
be  noted  that  the  metal   ion  cell   and  the  oxygen 
eel  1  oppose  each  other  and   the  area  of 
corrosion  is  determined  by  which  ceil  is 
stronger . 

Stray  Current  Corrosion 


HIGH  OXVr.fN  CONCrf»TR*T»ON 


-  LOW  OXYCFN  CONCf  MTRaTIOM 
OXYGEN  CONCrNTffATICN  CELL 


Figure  31. 


Concentration  Cell  Corrosion 
Oxygen  Cel 1  Type 


r 
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Figure  32  illustrates  stray  current 
corrosion.      Pipelines  in  the  vicinity  of 
electric   transportation  systems,  electrified 
coal  mines  or  manufacturing  plants  are  subject 
to  this  type  of  corrosion.     This  type  of 
corroesion  exists  where  direct  current  uses 
ground  return  for  a  complete  or  partial  return. 
If  any  metallic  structure  such  as  a  tank  or 
pipeline  is  laid   in  such  an  area,   a  large 
galvanic  cell   is  created.     Corrosion  does  not 
occur  at  the  point  where  the  current  enters  the 
structure  because  it  is  cathodically  protected- 
However,   at  the  section  where  the  current 
leaves  the  pipe,   severe  stray  current  corrosion 
occurs.     Over  a  period  of  a  year,   this  type  of 
corrosion  has  been  known  to  displace  as  much  as 
twenty  pounds  of  pipe  wall   for  every  ampere. 

There  are  various  types  of  cathodic  protection  that  are  used 
current  corrosion. 

Bacterial  Cor ros ion 


Trolley  Line 


\\\\\\\\\ 


///////// ^ 


Rail 


Area  of 
Current 


Positive 
Area 

Stray 
Corrosion 


Negative 
Area 


Figure  32, 


Stray  Current 
to  combat  this 


Pipeline 

Type  Corrosic 
stray 


Bacterial  corrosion  is  another  distinct  type  of  corrosion  resulting   from  electro- 
lytic or  galvanic  cell  action  of  biological  organisms.      By  definition,   bacterial  corro- 
sion is  the  deterioration  of  metals  by  corrosion  processes  which  occur  as  either  a 
direct  or  an  indirect  result  of  the  metabolic  activity  of  certain  bacteria,  particularly 
in  water  or  soil   environments.     These  biological  organisms  causing  bacterial   or  biolog- 
ical corrosion  are  bacteria,    slime,   and  fungi.     Microbiological  corrosive  action   in  the 
soil    is  due  to  physical   and  chemical   changes  of  the  soil   by  the  action  of   these  organ- 
isms.     Some  types  of  aerobic  bacteria  are  responsible   for  the  production  of  active 
galvanic   cells.     These  cells  are  produced  by  production  of  variations  of  oxygen  content 
in  the   soil   (differential   aeration)  or  the  reduction  of  the  hydrogen  film  over  the 
cathodic  areas  (depolarization).      Anerobic  bacteria  are  responsible  for  the  reduction  of 
sulfate  salts  into  sulfide  compounds.     As  already  studied,   sulfides  like  hydrogen 
sulfide  vigorously  attack  most  metals.     Anaerobic  bacteria  are  mostly  found  in  highly 
water   logged,   sulfate  bearing,   blue  clay  type  soils.      The  bacteria  concentration  as  well 
as  the  corrosion  rate  varies  considerably  between  the  different  seasons  of  the  year. 
Cast   iron  and  steel  piping  arve  corroded  mostly  by  sulfide  production. 

Active  Passive  Cell  Corrosion 


This   type  of  corrosion  is  similar  to  the  oxygen  cell  corrosion  but  is  more  powerful. 
It  is  found  on  metals  that  normally  have  a  passive  film  acting  as  a  corrosion  protector. 
Stainless  steel   is  a  good  example  of  this  type  of  metal.     The  metals  in  question  usually 
form  a  protective  oxide  film  that   is  impervious  to  corrosion  attack.     This  film  is  auto- 
matically repaired  when  any  breakthrough  of  the  film  occurs  should  sufficient  oxygen  be 
present.     However,   there  are  some  conditions  that  may  exist  whereby  the   film  cannot  be 
repaired  and  the  metal  surface  turns  active.     Should  oxygen  be  absent   from  the 
electrolyte 
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as  within  a  crevice  or  under  some  deposit,  the  nonnally  passive  metal  would  favor  an 
active  state  for  the  hidden  areas.     The  area  that  Is  protected  by  the  oxygen  concen- 

• tration  acts  as  a  cathodic  area   in  relation   to   the  active   (anodic)   area.     Referring  to 
Table  1,   the  difference  between  a  metal's  active  and  passive  state  may  be  observed  in 
the  galvanic  series. 

Stress  Corrosion 

^  Stress  corrosion  is  considered  to  be  an  acceleration  in  the  rate  of  corrosion  due  to 

a  static  stress;  a  combination  mechanical-electrochemical  type  of  corrosion.     This  type 
of  corrosion  is  concerned  with  the  failure  of  a  metal  part  due   to  the  combined  action  of 
stress  and  corrosion  and  is  restricted  to  the  situations  where  no  significant  amount  of 

•    corrosion  is  found  without   the  presence  of   stress.      Stress  corrosion  cracks  develop  in  a 
plan  perpendicular  to  the  direction  of  stress  action.     These  stresses  are  either  exter- 
nally or  internally  formed-     External   stresses  are  the  result  of   a  tensile  load  applied 
to  the  structure  while  internal  stresses  may  be  caused  by  any  number  of  reasons  such  as 
Improper  heat  treatment,   rivet  holes,    stamping  of  metal   and  welding.      It   is  important  to 
remember  that  any  cleaning  should  be  limited  to  the  removal  of  corrosion  products  and 
none  of   the  metal    in  these  stressed  areas. 

The  above  types  of  corrosion  result   in  different  forms  of  metal  removal. 
Unifonn  Corrosion 

This  is  the  most  common  form  of  corrosion  and   represents  the  greatest  destruction  of 
metal  on  a  tonnage  basis.      It  is  characterized  by  an  electrochemical   action  which 
proceeds  uniformly  over  the  entire  exposed   surface.     The  metal   becomes  progressively 
thinner  until  a  poiat  is  reached  where  it  is  no  longer  of  any  use.      In  this  type  of 
reaction,   those  areas  that  are  anodes  initially  corrode  and  then  become  cathodes  due  to 
the   layer  of  corrosive  material.     The  area  that  was  a  cathode  Initially  becomes  anodic 
to  the  layer  of  corrosive  material.     These  anodic  and  cathodic  areas  change  back  and 
forth  continually,    resulting  in  a  somewhat   uniform  removal  of  the  metal. 

^^Plttlng  Corrosion 

This  is  one  of  the  most  destructive   forms  of  corrosion.     The  destruction  of  the 
metal    is  not  associated  with  a  large  weight   loss  as  uniform  corrosion  but  it   is  charac- 
terized by  an  irregular  surface  destruction  in  a  localized   form  of  corrosion.  The 
attack  is  limited   to  extremely  small  areas  of   the  metal   surface  while  the  remaining 
surface  Is  not  affected.      In  fact,   the  term  pitting  is  used  when   localized  attack  takes 
place  with  the  width  being  on  the  same  order  or  less  than  the  depth.      Probably  more 
unexpected  part  failure  may  be  traced  to  pitting  than  any  other  form  of  corrosion.  One 
pit  in  a  relatively  uncorroded   pipeline  or  storage  tank  can  cause   that  structure  to  be 
out  of  service  until  repaired. 

Local  Corrosion 

Type  of  corrosion  caused  by  local   action  or  local  galvanic  cells.      It  is  that  form 
of  corrosion  that   is  between  uniform  corrosion  and  pitting.      It  may  be  a  local  area  of 
unifonn  corrosion  while  not  corroding  over  the  entire  surface.     Or  it  may  take  the  form 
of  uneven  corrosion  in  a  certain  locality. 

Cracking  Corrosion 

This  form  of  corrosion  is  normally  encountered  in  stress  corrosion.   As  the  name 
implies,   it  is  depicted  by  a  crack  extending  across  the  metal  accompanied  by  a 
penetration  of  the  metal. 

Exfoliation  Corrosion 

This  form  of  corrosion  causes  the  scaling  off  of  a  metal   surface  in  flakes  or 
layers.      It  is  a   form  of  intergranular  corrosion  and  shows  itself  by  ''lifting  up''  the 
surface  grains  of  a  metal   by  the  force  of  expanding  corrosion  products  occurring  at  the 
grain  boundaries  just  below  the  surface. 

^  PREVENTION  OF  CORROSION 

There  are  several   methods  of  combating  corrosion  and  these  may  be   listed  as  follows: 
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1.     Material  selection 


2.  Design  practices 

3.  Isolate  metal   from  environment 

4.  Alter  environment 


?4a terial  Selection 


In  selecting  materials,   especially  where  connections  or  couplings  of  dissimilar 
metals  are  to  be  made.   Table  1  should  be  a  good  guide. 

If  it  becomes  aecessary  to  connect  dissimilar  metals  in  a  piping  or  other  systems, 
the  anode  should  be  large  compared  to  the  cathode.     This  would  allow  moro  dispersion  of  * 
the  corroding  current  over  the  anodic  area  and  also  easier  polarization  of  the  cathode. 
In  another  case,    let  us  consider  the  iron  or  steel   nipple  screwed  to  a  brass  valve.  If 
corrosiC'n  cannot  be  prevented,    it  would  be  more  suitable  to  use  an  extra  heavy  nipple  in» 
place  Ox   the  standard   nipple.     Although  the  corrosion  would  not  be  prevented,    the  system 
would  remain  in  operation  longer  before  the  nipple  was  corroded  beyond  use. 

Design  Practices 

Utilisation  of  a  few  basic  design 
principles  may  aid   in  the  prevention  of 
corrosion.     An  example  of  this  is  illustrated 
in  figure  33. 

This  type  of  trap  may  be  encountered  when 
nipples  are  screwed  into  a  tank  and  extend 
beyond   the  inside  surface  of  the  tank,  thus 
trapping  water. 

Isolation  of  Metal 


There  are  toany  ways  of  isolating  the  metal 
from  the  corroding  environment.     These  may  be 
classified  under  one  of  the  following  general 
categories : 

Figure  3 

1.  Metallic 

2.  Inorganic 

3.  Organic 

Metallic  coating  as  an  insulator  covers  a  wide  range  of  applications.     Such  metals 
as  chromium,   nicki.1,   and  copper  may  be  electroplated  to  some  base  metal  as  a  form  of 
protection.     Galvanized   iron  is  an  example.   Another  method  is  flame-sprayed  metal 
coatings.     Here,   met*xi   wire  or  powder  is  melted  in  a  gas  flame  and  projected  by 
compressed  air  onto  a  metal  surface.     Cladding   is  still  another  form  of  metallic  coating 
used  in  corrosion  control.     Basically  clad   is  applied  by  hot  rolling.     One  example  oC 
this  would  be  a  cladding  of  pure  aluminum  over  an  aluminum  alloy  surface.     Oxide  films 
may  also  be  placed  in  this  category.      In  this  case,   a  thin  corrosive   film  is  desired  to 
act  as  a  barrier. 

Inorganic  coatings,   other  than  metallic  ones,   include  such  products  as  glass, 
enamels,   and  other  ceramic  coatings. 

Organic  coatings  such  as  paints,   varnishes,    lacquers,   and  similar  materials  probably 
protect  more  metal   than  any  other  method  used.      In  the  application  of   these  various 
coatings,  surface  preparation  and  proper  application  are  very  important.     There  are 
usually  industry  or  government  standa.*ds  available  on  the  correct  procedures  involved. 
These  specification  should  be  followed  to  the   letter  when  possible   for  they  represent  a 
great  amount  of   research  and  experience.     The  effectiveness  of  the  coating  depends  not 
only  on  its  moist ureproof  quality  but  also  on  its  ability  to  adhere  and  its  own  immunity 
to  the  corroding  environment. 
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SELECTION  OF  COATINGS 


Underwater  Exposure,   Interiors  of  Storage  Tanks  and  Water  Pipes 

1.     Hot-applied,  coal-tar  coatings  are  used  extensively  because  these  materials  have 
low  moisture  absorption  and  are  virtually  unaffected  by  long  periods  of  iraraersioa  in 
water.     Coal-tar  pitch  is  good  up  to  a  temperature  range  of  125°  to  140°F  and  is  used 


withstand  temperatures  under  -20**?  without  danger  of  cracking  and  disbonding. 

2.  Cold  applied  plastic  tapes  such  as  spirally  wound  vinyl  and  polythylene  tapes 
are  under  investigation.  ^ 

3.  Cold-applied,   coal-tar  coatings  containing  solvents  can  be  applied,  without 
heating,   by  ordinary  brush  and  spray  methods.     These  paints  adhere  tenaciously  to 
properly  cleaned  metal  surfaces  and   are  able  to  withstand  cold  without  damage.  The 
primary  use  would  be  where  the  coating  Job  is  too  small   to  warrant  the  expense  of 
setting  up  equipment  for  applying  hot  coal-tar  coatings. 

4.  Vinyl  and  phenolic  paints  have  been  specified  for  the  interior  of  steel  pipe 
which  will  be  empty  in  winter  and  subjected  to  temperatures  below  -20*»F,   the  lower  limit 
for  coal   tar  enamels.     Three  coats  of  phenolic  red   lead  paint  are  specified. 

5.  Cement  mortar,   pneumatically  applied,   is  used  on  the  exterior  surfaces  of  large 
diameter  steel  pipe  used  in  -        t«r-submerged  crossing.      It  may  be  applied  as 
supplemental   protection  ove  oxterior  surfaces  of  coal-tar  enamel,   especially  where 
the  pipe  is  to  be  buried  in         .  y  terrain  and  suitable  backfill   is  not  readily 
availaole.     Cement  mortar  is  a.Iso  used  as  a  protective  interior  lining   for  steel  and 
cast-iron  pipe,   both  new  and  old. 

6.  Asphalt  coatings,  hot-dip,  is  sometimes  used  for  small-diameter  (under  24 
Inches)  steel  pipe  but  is  not  generally  considered  to  be  as  effective  as  coal-tar 
coating  for  protection  of  steel  pipe  against  corrosion. 

Air  and  Water  Exposure 

S( 

aJ 

work  where  there  may  be  a  spillage  of  acids  or  alkalies. 
Atmospheric  Exposure 

1.  Priming  paints  such  as  red  lead  primer  have  been  used  many  years  with  very 
satisfactory  results  for  metal  work  exposed  to  weather.  Zinc  cUromate  (zinc  yellow)  has 
also  been  found  to  be  an  excellent  pigment  for  metal  primers.  Both  have  rust  inhibltive 
properties  which  are  important  in  preventing  rust  development  beneath  the  paint  film  and 
xn  preventing  rust  creep  at  areas  where  the  film  has  been  scratched  or  gouged  through  to 
ba  I*  e  me  t  a  1 . 


2 

on  me 


.  Aluminum  finish  paint  is  exceptional ly  well  suited  for  use  in  top  coats  of  pain1 
tal  work  exposed  for  weattierlng.     A  combination  of  pipe  or  structure  coating  and 


storage  tank. 

ALTERING  ENVIRONMENT 

Very  often,   the  electrolyte  can  be  a? tered  and  thus  reduce  its  corrosiveness .  Such 
factors  as  dissoved  oxygen,   temperature,   pH,   chemical  composition  of  the  solution  etc 
may  be  altered  to  provide  a  more  suitable  existence  for  the  metal   to  be  protected.  The' 

se  of  Inhibitors  such  as  sodium  phosphate  or  potassiun  chromate  alter  the  environment 

r  provide  a  protective       '      tr    protect   the  met^-'l . 
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CATHODIC  PROTECTION  SYSTEMS 


Corrosion  always  occurs  at  the  anode  of  a  cell.     When  this  anode   is  a.  pipeline » 
tank,   or  other  engineering  structure,    its  useful   life  is  shortened  and  the  maximum  value 
of  the  original   investment  cannot  be  realized.      It  is  possible  to  apply  the  principles 
of  electrochemistry  and  change  the  structure  into  the  cathode  of  a  cell   (hence,   the  name 
cathodic  protection)  and  reduce  or  prevent  this  electrochemical   corrosion •     There  are 
two  general   types  of  cathodic  protection  systems: 


Impressed  Current  Systems 


Impressed  current   systems  utilize  an  external  source  of  dc  current  to  set  up  an 
electrolytic  cell  with  the  protected   structure  as  the  cathode  of   this  cell.  The 
designer  of  the  system  may  choose  the  anode  he  wishes.     Commonly,   anodes   for  impressed 
current  systems  are  made  of  graphite  or  high-silicon  cast  iron  (known  as  Duriron) 
because  these  materials  have  very   low  rates  of  weight   loss  per  ampere-year  of  use. 
Scrap  iron  rails,   old  engine  blocks,    and  the   like  have  been  used,   but   the   rate  of  weight 
loss   for  iron  is  quite  high  and  this  type  anode  corrodes  away  rather  quickly.  Any 
source  of  dc  current  may  be  used   to   set  up  the  electrolytic  cell  action  in  an  impressed 
current  system.     Early  practice  used  batteries,   dc  generators  and  tungar  rectifiers. 
These  systems  have   largely  been  superseded  by  modern  selenium  and  silicon  rectifiers. 

When  the  impressed  current  method  is  used,   a  direct  current  from  an  external  source 
is   forced   froiB  the  ground  bed  through  the  electrolyte  to  the  metal   to  be  protected.  The 
ground  bed   consists  of  anodes  either  submerged   in  the  electrolyte  or  buried   in  the 
ground.   The  material  used  as  anodes  in  an  impressed  current   system  would  not  corrode 
alone.     They  corrode  only  when  the  current  from  the  external   current  source  is  connected 
to  the  structure  that  is  to  be  protected,   and  the  positWe  side  is  connected  to  the 
anodes  in  the  ground  bed   (see^  figures  34  and  35). 

BOWL  52  FT.  DIAMETER 
ANODE  RADIUS  18  FT. 

OOWL  ANODES  -1   IN  DIAMETER 
BY   10  FT  LONG  -ALUMINUM 

RISER  ANODE  l   2  IN.  DIAMETER 
BY  !30  FT  LONG-ALUMINUM 


-RECTIFIER 


RECTIFIER 


Figure  34.      Using  Impressed  Current 
Protect  a  Water  Storage  Tank 


Figure  35.      Using  Impressed  Current  to 
Protect  a  Pipeline 


Sacrificial  Anode  Systems 


Sacrificial  anode  systems  set  up  a  gftlvanic  cell  with  the  protected  system  as  the 
cathode  and  a  less  noble  material    (nearer  the  corroded  end  of  the  galvanic  series  in 
Table  3)   as  the  anode.     Because  the  anodes  corrode  and  waste  away  to  protect  the  desired 
structure,    these  systems  are  known  as  sacrificial  anode  systems.     Sacrificial  anodes  are 
usually  of   zinc  or  magnesium.     The  choice  of  material  depends  on  the  cost,  method  of 
construction  and  character  oC    the  electrolyte  (soil   or  water)   involved.  Aluminum, 
although   less  noble  than  iron  or  steel  is  not   far  enough  away  in  the  galvanic  series  to 
be  fully  effective   in  setting  up  a  galvanic   cell  for  protective  purposes.     Aluminum  Is 
use'l 


5-12 


EKLC 


901 


howevtij-,   as  a  sacrificial   anode   in  impressed  current  systems  to  protect   the  interior 
surfaces  of  water  standpipes  and  storage  tanks. 

B        To  accomplish  cathodic  protection  by  the  galvanic  method,    a  metal  that  will  corrode 
^Ls  placed   into  the  electrolyte  and  electrically  connected   to   the  structure  that  is  to  be 
protected.     A  metal  that  is  more  active  and  less  expensive  than  the  metal  that   Is  to  be 
pi-otected   is  connected  to  the  metal    for  which  protection   is  desired.     Magnesium  or  zinc 
is  generally  used  to  protect   iron  or  steel  structures.     Electric  current  will  then  flow 
from  the  corroding  metal   through  the  electrolyte  to  the  metal   for  which  protection  is 
desired.     The  electrical  connection  between  the  two  objects  completes  the  circuit  and 
allows  the  current  to  return  to  the  corroding  metal.     The  corroding  metal   becomes  the 
anode  of  a  purposely  established  dissimilar  metal  cell  and  the  metal  to  be  protected 
becomes  the  cathode.     The  corroding  metal  becomes  the  anode  and  the  protected  metal 
becomes  the  cathode  of  a  corrosion  cell.      If  the  current   from  the  corroding  raetal 
(anode)   is  strong  enough  to  prevent  all  current   from  leaving  what  was  determined   to  be 
the  anodes  of  the  metal,    the  anodic  area  will  disappear  and  corrosion  will   stop  (see 
figure  36). 

Impressed  current  systems  use  a  rectifier 
to  protect  the  pipe  or  tank  by   forcing  currents 
to  leave  an  anode  bed  and  enter  the  metal  and 
protect  it.     The  positive  side  of  the  rectifier 
is  connected   to  the  anode  bed  and   the  negative 
side  is  connected  to  the  structure.     All  wires, 
splices,    and  Junctions  on  the  positive  side 
must  be  protected  by  waterproof  insulation. 
The  best  insulation  for  splices  on  the  wire  is 
thermal-setting  epoxy  plastic.     The  anode  bed 
uses  graphite,   stainless  steel,   high  silica 
cast  iron  or  in  some  cases  aluminum  anodes. 


SUMMARY 


A  knowledge  of  the  action  of  galvanic 
^corrosion  should  aid  you  in  combating   this  type 
"of  destruction.     The  electrochemical  action  for 

galvanic  corrosion  requires  four   things:  (1) 

anode,    (2)  cathode,    (3)  electrolyte,   and  (4) 

path  of   low  electrical   resistance.      It  should 

be  remembered  that  where  the  conventional  or 

positive  current  leaves  the  metal  and  enters 

the  electrolyte,   the  metal  will  corrode.  Where 

the  current  leaves  the  electrolyte  and  enters 

the  metal,   the  metal  will  not  corrode. 

Although  the  principle  of  galvanic 
corrosion  is  basic,   this  type  of  corrosion 
exists  under  many  different   situations.  The 
connection  of  two  dissimilar  metals,   even  two 
different  types  of  stainless  steel,   is  one  of 
the  primary  causes  of  galvanic  corrosion. 
Another  example  is  where  old  pipe  is  connected  Figure  36.     Magnesium  Anodes  Used  to 

to  new  pipe.     One  large  concern  had   to  replace  Protect  Metallic  Structures 

a  section  of  pipeline  because  it  had  corroded 

through.      This  section  was  replaced  with  new  pipe,   and  corroded  through  in  a  relatively 
short  period  of  time.     Their  comment  at  the  time  was  naturally,    '*They  are  not  making 
pipe   nowadays  as  good  as  they  used   to  make  it."     However,  we  know  now  that  the  new  pipe 
had  become  anodic  to  the  old  pipe  and  that  this  particular  section  of  pipe  was  also 
located   in  a  very  corrosive   soil  . 

Several  methods  can  be  ur*ed   to  eliminate  or  reduce  this  galvanic  corrosion.  Proper 
selection  of  materials  and  design  practices  are  primarily  the  job  of  the  design 
personnel.   However,  modifications  and   repairs  on  the  structure  should  take   these  items 
into  consideration.     Probably  the  most   important  protection  is  obtained  by  protective 
coatings  such  as  tar  or  paints  used   in  maintaining   the  structures.     These  should  be 

^properly  applied  to  be  effective.     Other  methods  such  as   linings  or  changing  the 

^chemical   characteristics  of   the  electrolyte  are  poss xo  jli-? - 
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SOURCRS  OK  WATRR 


OBJliCT  IV  E 

Given  Information,  explain  basic   facts  about  sources  of  water  and  their 
characteristics  with  80%  accuracy. 


PROCRDURE 


I.        Got  out   pon  or   pencil,    workbook  and  study  guide » 


2.       Wlien  directed  to  do  so  by  the   Instiuctor,   complete  the  questions. 


a.     List  the   four  sources  of  water. 


(1) 
(2) 
(3) 
(4) 


b.     Where  would  collected  water  be  used? 


c.     Why   is  seawater  not   normally  used? 


d.     Two  types  of   impurities  found  in  water  are 


and 


e.      List  three  types  of   suspended  impurities. 

(1)  _     . 

(2)       

(3) 
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f.     List  two  impurities  in  water  which  cause  hardness. 

(U   

(2) 


g.     List  three  impurities  in  water  which  cause  an  alkaline  condition. 

(1)   

(2)  

(3) 


h.     Which  dissolved  gas   in  water  causes  corrosion  in  condensate  lines? 


i.     Which  dissolved  gas  in  water  causes  pitting  to  boiler  surfaces? 


J.     The  main  effect  of  excessive  impurities  in  water  is 


Two  types  of  carryover  are 


and 


1.     Heavy  concentrations  of  sodium  hydroxide  can  cause 


m.     If  the  make-ap  rate  increases,   the  amount  of  impurities  entering  the  boiler  i 


Using  the  pH  scale  listed  below,   complete  questions. 

^  ^  2  3  4  5  6  7  8  9  10  11  12  13  1  1 


a.     Of  A,  B,  C  and  D.  which  is  slightly  alkaline? 


b.     Of  A,   B,   C  and  D,  which  is  the  strongest  acid? 
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c.     state  the  purpose  of  the  pH  scale. 


d.     What  Is  boiler  scale? 
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EXTERNAL  TREATMENT 


OBJECTIVES 


Given  information,   determine  step-by-step  procedures  for  installation,  operation, 
and  servicing  of  external   water  treatment  equipment  with  80%  accuracy. 

Given  information  and  equipment,   service  and  operate  demi neral izi ng  equipment  with 
instructor  assistance . 

Using  the  soap  solution  and  EDTA  water  testing  equipment,   test  a  given  water  sample 
for  hardness  with  instructor  assistance. 

PKOCEDURES 

1.       Get  out  pen  or  pencil,   study  guide  and  workbook. 


This  workbook  is  divided  into  three  exercises:     Exercise  1  —  Removing  Dissolved 
Impurities;   Exercise  2  —  Zeolite  Softener  Operation;  and  Exercise  3  —  Water 
Hardness  Tests. 


3.       Complete  questions  in  Exercise  1   for  directed  study  assignment. 


Proceed  to  training  area  and  run  softener  through  a  complete  cycle,  as  directed  in 
Exercise  2. 


5.       Upon  completion  of  Exercise  2,   proceed  to   lab  area  and  complete  Exercise  3. 
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EXERCISE  3. 
Removing  Dissolved  ImHarities 

What  Is  external  boiler  water  treatment? 


What  are  two  methods  of  softening  water,   using  the  Ion  exchange  principle? 

a .  

b. 


Ion  exchange  Is  the  process  of  exchanging  ion  of   

and/or  for  ions  of  

or  . 

The  effluent  of  a  sodium  zeolite  ion  exchanger  would  be 
and  slightly   . 


Would  the  pH  of  the  water  leaving  a  hydrogen  zeolite  ion  exchanger  be  higher  or 
lower  than  the  influent? 


List  the  four  elements  used  by  chemists  to  produce  synthetic  zeolites. 

a.  

b.  

c  •  

d.  

Briefly  explain  what  occurs  in  the  chemical  precipitation  water  softening  process, 


List   two  methods  of  chemical  precipitation  water  softening. 

a .  

b. 
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9.        At  what   tomporature  doos  the  hot   lime  soda  process  of   water  softening  operate? 


10.     List  two  methods  of  removing  undesirable  gases  from  watcir. 
a . 


b. 


11.     Deaoratlon  Is  employed   for  what  purpose? 


12.     Bringing  water  to  the  boiling  point  will   remove  what  percentage  of   free  oxygen? 


13.     Pitting   In  boilers  is  caused  by 


1  •! .     Direct  acid   treatment  of  boiler  feodwater  is  necessary   to   reduce  or  correct 


15.     Corrosive  gases  such  as  ^  ^  and 

are  classified  as  dlssol  veJ  Tmpuri  tfe's  . 
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KXKRCISK  2 
/^oolite  Softener  Opt;r:itl<>n 


Manually  Operated  Zeolite  Softener 

Using  the  following  list  of  parts,   choose  the  one  that  corresponds   to  tho  numbers  1 
Figure  1  and  write  the  name  In  the  appropriate  space. 


Soft  Water  Inlet 
Drain 

Plug  Valve 
Bypa&is  Valve 
Foedwater  Valve 
Sand 

Brine  Inlet  Valve 


Fine  Clay 
Course  Gravel 

Brine  Distributing  Laterals 

Mixing  Valve 

Raw  Water   Inlet  Valve 

Salt 

Brine   Injector  Valve 


1 
2 
3 
4 
5 
6 
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Figure  1.     Zeolite  Softener 
2-5 


Operating  Water  Softener 


Using  the  following  injst  ructions ,    operate  the  zeolite  wator  softener  trainer. 

Instructions,     Following   the   instructions  below   for  operating   the  wat.(»r  softc-nor 
trainerT     Eacli^tem  of  guidance   is  important   for  proper  operation  and   tho  stops  listed 
should  be  followed   In  the  order  presented. 


SAFETY  PRECAUTIONS  

1.  This  trainer  is  designed  to  teach  the  flow  and  physical  operation  of  ion~exchanger s 
during  different  phases  of  operation.  It  is  recommended  that  chemicals  NOT  be  used 
under  classroom  conditions.      If  regeneration  is  desired,   use  NaCl  only, 

2.  Never  allow  water  pressure  in  unit  to  exceed  20  psi, 

3-  When  changing  cycles,    the  hard  water  inlet  valve  should  be  opened   last  and  closed 
first  to  prevent  excess  pressure   in  system. 

PREOPERATIONAL  CHECKS  

NOTE:     Check  schematic   (Figure  2)   for  location  of  valves  and  lines, 
1-       Close  all  valves. 

2.  Check  pressure  regulator  for  a  system  pressure  of   15  to  20  psi  and  adjust  if 
required. 

3.  If  the  water  level  in  the  ion-exchange  tank  is  more  than  one  inch  below  the  top  of  J 
the  tank,    fill  and  purge  air  as  follows:  ^ 

a.  Open  both  backwash  valves. 

b.  Open  hard  water  inlet  valve  just  enough  to  allow  water  to  fill   tank,   but  not 
enough  to  cause  expansion  of  bed. 

When  water  reaches  the  distributor  in  the  top  of  the  tank,   close  the  hard  water 
supply  and  backwash  valves. 

4-  If  water  level  in  the  brine  tank  is  lower  than  3/4  full,   fill   to  desired   level  as 
f ol lows : 

a.  Open  the  service  valve,   drain   line,   brine  outlet  valve,  and  hard  water  inlet 
va  1  ve . 

b.  When  the  3/4  full   level  is  reached,   close  ALL  valves,   starting  with  the  hard 
water  inlet. 

If  the  trainer  has  been  shut  down   for  an  extended  period  of   time,   place   it   in  fast 
5.       rinse  for  a  short  period  of  time  before  placing  the  trainer  in  the  service. 


NOTE:     See  fast  rinse  procedures  under  OPERATING  SEQUKNCK  in  this  workbook. 
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Pressure 
Gauge 


8RINE  INJECTION  VALVE 
i 


SOFT  WATER  VALVE 




SOFT  WATER 
DRAIN 


Drain 
Valve 


Figure  2.   Schematic  of  Water  Softener  Trainer 
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OPERATING  SEQUENCE  

1.  Place  the  unit   In  service  as  follows: 

a.  Open  service  valve,    soft  water  valve,   and  hard  water  inlet  valve.  j 

b.  If  soft  water  tank   is  over  3/4  full,   open  soft  water  drain  valve  enough  to 
prevent  overflow  from  top  of  tank. 

2.  Backwash  the  bed  as  follows: 

a.  Close  all   valves,    starting  with  the  hard  water  inlet  valve. 

b.  Open  both  backwash  valves. 

c.  Open  the  hard  water   inlet  val/e  slowly  until    the  bed  expands  approximately 
50  percent • 

CAPTION:     A  too  high  backv^ash  rate  will  cause  zeolite  to  wash  off  to  drain. 
Backwash  for  one  minute . 

d.  Stop  backwash  by  closing  all  valves,    starting  with  the  hard  water   inlet  valve. 

3.  Place  unit  In  the  Chemical  Injection  Phase  as  follows: 

a.  Open  brine   Injection  valve,   drain   line  valve,   and  hard  water  Inlet  valve. 

b.  Open  brine  outlet  valve.     When  sufficient  chemicals  have  been  drawn   into  the 
bed,  one  to  two  Inches  of  water,   go  to  step  4. 

4.  Slow  rinse  the  bed  as  follows:  I 

a.  Stop  chemical   Injection,   step  3b  above,   by  closing  the  brine  outlet  valve. 
This  places  the  unit  In  slow  rinse. 

b.  Stop  slow  rinse  by  closing  brine  Injection  valve.     Leave  other  valves  as  they 
are . 

5.  Fast  rinse  the  bed  as  follows: 

a.  Following  step  4b  above,   open  service  valve.     This  places  the  unit   in  fast 
rinse . 

b.  To  place  the  unit  In  service  at  the  end  of   fast  rinse,   open  soft  water  valv* 
and  close  drain  line. 


POSTOPERATIONAL  CHECKS  

1.  Check  valves  and  tanks  for  leaks  and  cracks. 

2.  Close  all   valves  except  the  backwash  valve  to  drain. 
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Oporating  Wn tor  Sof tonor  (Contlnuod) 

1.       Brine  Tost.     The  brine  test   Is  used   to  dotormino  the  biLnu  solution  concentration 
to  insure  proper  regeneration  of  the  sodium  zeolite  softener. 

a.  Fill   a  cylinder  with  the  brine  solution  to  bo  tested   (brine  to  be  obtained  or 
d**awn    from  the  brine  tank). 

b.  Place  the  hydrometer  in  the  brine  solution  and  allow  to  stabilize. 

c.  The  degree  of  Baume  gravity  of  the  solution  is  obtained   from  the  stem  reading 
at  the  point  where  the  surface  of  the  brine  touches  the  stem. 

d.  The  brine  should  test  24. 6»  Baume  gravity.     This  represents  100  percent 


saturation • 


NOTE:     Baume  gravity   reading   times  4  equals 
saturation . 


approximate  percent  of  percent 


2. 


Name  the  three  cycles  of  regenerating  the  zeolite  water  softener. 


a . 


b. 


c . 


3. 


What  material   is  used   for  support  of  zeolite  bed? 
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EXERCISE  3 
Water  Hardness  Tests 

A  standard  soap  solution  is  one  of   the  items  needed   in  order  to  perform  tests  for  i 
hard  water  and  soft  water.     Standard  soap  solutions  are  placed  on  the  market  by  " 
manufacturers  and  chemists;   however,   each  one  doesn't  have  the  same   lather  factor  and 
this  must  be  known  before  a  test  can  be  truly  represented.     The   lather  factor  on  most 
standard  soap  solutions  will  be  clearly  marked  on  the  label.     When  the  lather  factor  is 
not  known,    the  following  information  can  be  used  as  a  guide  in  determining  the  lather 
factor  of  a  standard  soap  solution. 


1.     Get  out   the  following  materials  to  perform 
test : 

1  1/2-pint  distilled  water 
1  8-oz  bottle  with  stopper 
1         20-ml  dropper  bottle 


the  standard  soap  f^olution  hardness 


1         0.5-ml  dropper 

1  bottle  standard  soap  solution 
1         graduated  ml  beaker 


2.     Use  following  procedures  to  determine  soap  later  factor: 

a.  Pour  30  ml  of  the  distilled  water  into  an  8-ounce  bottle. 

b.  Using  a   .5  ml  dropper,   put  one  drop  of  standard  soap  solution  into  the  bottle 
containing  the  distilled  water.     Stopper  the  bottle  and  shake  vigorously,  then 
lay  the  bottle  on  its  side  and  observe  the  lather  formed. 

c.  If  the  lather  formed  persists  and  completely  covers  the  surface  of  the  water 
for  five  minutes,   one  drop  will  be  your   lather  factor  for  this  particular 
solution •     If  not,   continue  adding  drops  until  you  find  out  how  many  drops  are 
the   lather  factor.     Once  this  information  is  known,    record  the  amount  of  drops 
as  the  lather  factor. 


3.       Using  a  sample  of  raw  water,   determine  water  hardness. 

a.  Pour  30  ml  of  the  sample  into  an  8-ounce  bottle. 

b.  Using  a   .5  ml  dropper,   add  drops  of  standard  soap  solution  to  the  sample,  a 
drop  at  a  time.     After  each  drop,    shake  vigorously.     Repeat   this  step  until  a 
lather  can  be  formed  that  will   last  five  minutes  while  the  bottle  is  lying  on 
its  side. 

c.  After  a  lather  has  formed  that  will   last  five  minutes  without  breaking  up,  take 
the  total   drops  used  and  deduct  the  amount  of  drops  required  by  the  lather 
factor.     The  remaining  drops   left  will  equal  GPG  (grains  per  gallon)  hardness 
of  the  sample.     To  change  GPG  to  ppm  (parts  per  million),   multiply  GPG  by 


EXAMPLE:     The  amount  of  soap  solution  used:      11  drops,    lather  factor  1  drop. 

Deduct  1  from  11  leaving  10  drops,  10  drops  equal  to  10  GPG.  To  change 
GPG  to  ppm,  multiply   10  by  17.1  which  equals  171     —  ppm  hardnes. 

d.  Rinse  and  clean  all  test  equipment  used. 

e.  Student  test  results:    Soap   lather  factor 


GPG  hardness 


ppm  hardness 
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Measuring  Total  Hardness  by  Volumetric  Titration  with  a  Versenate  EDTA  (Dlsodium 
Sthylene  Diamine  Tetra  Acetic  Acid)  -Solution. 

L.       Get  out  the  following  materials  to  perform  the  EDTA  water  hardness  test: 
Graduated  ml  boaker 

20-ml  dropper  bottle  with  hardness  buffer  solution 
0.5-ml  dropper 
Casserole 

Hardness  Indicator  powder 
Glass  stirring  rod 

Self -leveling  burette  and  bottle  with  versenate  hardness  reagent 
Using  the  following  procedures,  ueterraiiie  v^ater  hardness. 

a.  Measure  50  ml  of  water  sample  In  the  graduated  cylinder  and  then  pour  Into  a 
casserole . 

b.  Add   .5  ml  of  total  hardness  buffer  solution  and  mix  using  the  rubber-tipped  end 
of  the  stirring  rod. 

c       Add  one  measure  of  hardness  Indicator  powder;   If  powder  Is  not  available,  use 
hardness  Indicator  tablet  and  pulverize  using  the  glass  stirring  rod. 

d.  Fill  the  burette  to  the  zero  mark  with  versenate  hardness  reagent,   which  Is 
done  by  squeezing  the  plastic  bottle  attached  to  the  automatic  burettes. 

e.  Slowly  add  the  hardness  reagent  while  mixing  constantly.     The  end  point  Is  a 
blue  color.     Sped /leal ly p   It  Is  the  blue  color  that  Is  present  when  the  last 
trace  of  reddish  color  has  Just  faded. 

f.  Read  the  number  of  ml  on  the  burette  and  determine  the  ppm  of  total  as  CA  C03 
by  using  the  formula  20  X  ml  of   titrating  solution  and  record  the  answer. 

g.  Rinse  and  clean  all   test  equipment  used. 

h.  Student  test  results:      ppm  hardness 
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)BJGCTIVES 

Given  information,  Identify  principles  relat^xl  to  Internal  boiler  water  treatment 
vlth  80%  accuracy. 

Given  information,   select,   care  for  and  use  precision  measuring  instruments  with 
Instructor  assistance. 

Following   step-by-step  procedures,  draw  water  sample  and  determine  chemical 
concentrations  in  a  steam  boiler  with  instructor  assistance- 

Glveii  information,    explain  basic   facts  pertaining  to  condensate  return  treatment 
y^^i  th  80%  accuracy. 

Given  step-by-step  procedures,   test  and  treat  condensate  return  water  with 
Instructor  assistance. 

PROCEDURES 


1.       This  workbook  is  divided   into  throe  exercises:      Exercise  1 — Purpose  and 
Chemical  Concentration;   Exercise  2 — Boiler  Water  Sampling;  and 
Exercise  3 — Boiler  Water  Analysis. 


2.       Complete  exorcises  when  directed   to  do  so  by  the  instructor. 
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KXKHCISE  1 
Purpose  and  Chemical  Concentration 


Correctly  fill  in  the  blanks  in  the  chart  by  placing  the  appropriate  chemical, 
purpose*  concentration  or  X-factor. 


CHEMICAL 

PURPOSE 

CONCENTRATION 

X-FACTOR 

3  M 

_  ^ 

 _S 

Alkalinity  —  pH  control 
(Also  precipitates  magnesium) 



Amines 
Treatment 



Pho55fphate 

1  j 

Determines  amount  and 
frequency  of  blowdown 

20-40  ppm 
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EXKRCISK  2 
Boiler  Water  Sampling 


All  Ramples  must  be  drawn  immediately  before 


and  bf^foro    are  added. 


Blow  down  the  sampling  point  several  times  and  adjust  the  sampling  line  to  reach  to 
the  bottom  of  the  bottle;   run  a  sufficient  amount  of  boiler  water  into  the  bottle 
to  rinse  the  bottle  and  the  stopper.     Discard  this  rinse  water  and  fill  the  bottle 
with  boilGr  water.     Run  the  sample  long  enough  to  overflow  the  top  to  eTcpel  all  air 
from  the  bottle  and  for  the  removal  of  sample  previously  exposed  to  the  air  in  the 
bottle. 
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KXRRCISE  3 
Bollor  Water  Analysis 


Sodium  Sulfite  Test 

The  sodium  sulfite  test  Is  performed   to  measure  sodium  sulfite  content  in  the 
boiler  water  when  this  type  of   treatment  Is  used.     Sodium  sulfite  acts  with  oxyg 
very  rapidly  In  the  hot  boiler  water   forming  sodium  sulphate.     Sodium  sulfite 
treatment  Is  used   to  supplement  mechanical  methods  and   tannin  as  removal  agents. 
When  the  remaining  dissolved  oxygt.n  content  remains  high  and   sodium  sulfite 
treatment  Is  Instituted,   a  concentration  between  20  and  40  ppn  is  usually  cons  id 
ered  satisfactory. 

MATERIALS  

One  graduated  cylinder 

One  stopper  for  graduated   cylinder ,   No .  5 
One  dropper,   7-lnch,   marked  lOIO 
One  stirring  rod 

One  dropping  bottle,   30  ml    with  dropper  marked   at  1/2  ml    for  starch 

indicator . 

One  dropping  bottle,   30  ml    with  dropper  marked  at   1/2    al  for 

hydrochloric   acid   3N . 

One  pint  amber  bottle  of  standard   potasslum-lodate-lodide  reagent. 

NOTE:     STARCH  Indicator  must  be  mixed   fresh  locally.     Put  on  rubber  apron  bef< 
performing  any  tests. 


PREPARING  THE  STARCH  


This  indicator  must  be  prepared   right  at  the  plant.     Measiire  out  a  level  1/4 
teaspoonful   of   potato  or  arrowroot  starch  and   transfer  to  the  50  ml  beaker. 
Add  a  few  ml  of  distilled  water  and   stir   the  starch   Into  a  thin  paste  using 
the  glass  end  of  the  stirring  rod  provided.      Put  50  ml   of  distilled  water  Into 
the  150  ml  beaker.      It   Is  convenient   for  thl.s  step  to  hav«;  the  150  ml  beaker 
marked  at  the  point   where   it  holds  50  ml,   or  one  of  the  marked   test  tubes  can 
be  used   by  filling   it  to  the  fourth  marked  above  the  long  mark  with  distil  lod 
water.     Bring  the  water   In  the  150  ml   beaker  to  a  boil  by  any  convoniont 
method.     Remove  the  source  of  heat  from  the  boiling  water  and   Immediately  pour 
the  starch  paste   Into  the  boiling  water   while  stirring  thn  solution.     Then  put 
a  crystal   of   thymol   Into   the  starch  solution.     Stir.     Aftor  the  solution  has 
cooled,   discard,   by  pouring  off,   any  scum  on  the  surface  and   transfer  20  ml  to 
the  indicator  dropping  bottle  provided.      The  starch  solution  loses  its  sensi- 
tivity as  an   Indicator  after  a  time.     Addition  of  the  thymol    to  the  starch 
preserves  it  so  that  1\;  can  be  used   In  this  test  for  about   two  weeks.  The 
starch  should  be  dated   when  prepared. 


TESTING  PROCEDURE  

Transfer  one  ml  of  hydrochloric  acid  3N  to  a  clean  graduated  cylinder  by  measurii 
out   two  1/2-ml   portions  with  the  dropper  supplied   with  tho  hydrochloric  acid  3N 
dropper  bottle. 

Add  1/2  ml  of  starch  solution  with  the  dropper  supplied  with  the  starch  Indicate] 
dropper  bottle. 
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Without.  (ilsLuphlnK  any  sludj;*?   that  has  sottlod  out  »    In  thc5  sampling  bottle,  pour 
iMiou^h  sample  ov<?r    into   tht!  Ki'aduatod  cyllndor   to  bring   tho   lovol    up   to  tho  25  ml 
murk.*     Stir  tho  mixture   In  with  tho  plunger  end   of   tho  stirring  rod. 

Fill  the  7-lnch  dropper  with  standard  potassium  lodate  Iodide  reagent   from  the 
stock  bottle  by  sucking  It  up  with  the  rubber  bulb.     The  dropper  must  be  reserved 
for  this  test  only  and  maintained   in  a  clean  condition  to  prevent  possible  contam- 
Inatl   t\ . 

Add  the  reagent  to  the  mixture  in  the  graduated  cylinder  one  drop  at  a  time, 
counting  the  number  of  drops  and   stirring  after  each  drop  is  added  until   a  perma- 
nent blue  Is  obtained   which  Is  not  removed  by  stirring.     Stop  the  addition  of  tho 
reagent  as  soon  as  the  permanent  blue  is  obtained. 

Last  drop  of  standard  potassium  iodide  reagent  used    (EXCEPT  THE  LAST  ONE)   times  5 
would  be  the  concentration  of  sodium  sulfite  in  the  boiler  water. 


rUDENT  RESULTS  OF  TEST  


Causticity  Test 

The  causticity  test  is  used   to  determine  the  amount  of   free  causticity  of  hydroxide 
(HO)   In  the  boiler  water.      A  causticity  concentration  maintained  between  20  and  200 
ppm  by  using  caustic   soda   will  neutralize  acid  materials  in  the  water.      In  addition 
to  tho  ncMitral  i  ^Ang  action,    the   free  hydroxide  combines  with  magnesium  salts  to 
rorm  magnesium  hydroxide,   a  soft   finely  divided  sludge;   which  can  he  easily  removed 
from  the  boiler  by  blowdown.      Alkaline  water  will   usually   prevent  corrosion.  Our 
discussion  will  be  limited   to   the  precipitation  method  of  testing. 


MATERIALS   

Three  graduated  cylinders  marked  in  ml. 
Two  rubber  stopers,    solid  No.  5. 
One  9-inch  stirring  rod. 

Two  250-ml  plastic  reagent  dispensing  bottles  containing  causticity  reagent 
No.   1  and  causticity  reagent  No.   2  solution. 

One  1-ounce  indicator  dropping  bottle   for  phenolphthal cin . 

One  test   tube  rack. 


ESTING  PROCEDURE  

When  testing  boiler  water   which  is  appreciably  colored  by  organic  material   such  as 
tannin,   it  is  desirable  to  start  with  a  warm  sample,  say  about  160*. 

Without  disturbing  any  settled   sludge  in  the  container,    fill  two  graduated 
cylinders  exactly  to  the  25  ml.  mark  with  some  of  the  original  boiler  water. 

Shake  thoroughly  causticity  reagent  No.    1   (Barium  Chloride  solution). 

Add  enough  to  each  of  the  two  graduated  cylinders  to  bring  the  levels  exactly  up  to 
t  he  30  ml.  ma  rk  . 

At  this  point  a  precipitate  generally  forms  in  the  mixture  in  two  tubes. 
Stir  the  mixture  in  the  cylinders  with  the  stirring  rod. 


ppm  sodium  sulfite. 
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NOTE:     Do  not  strike  the  end  oC   the  stirring  rod  against  the  bottom  of  the 
cylinders • 

Stopper  them  and  let  them  stand  until  any  precipitate   formed  has  settled   to  the 
bottom  of  the  tubes. 

This  precipitate  carries  down  with  ic  much  of  the  tannin  or  other  colored  materials 
In  the  mixture. 

NOTE:     The  settling  may  take  from  two  to  fifteen  minutes.     A  warm  sample  will 
usual ly  shorten  the  required  sett 11 ng  time . 

Without  disturbing  any  precipitate  which  has  settled  to  the  bottom  of   the  two 
cylinders  pour  enough  of  the  solution  from  the  top  of  each  of  the  cylinders  into 
the  third  cylinder  to  bring  the   level   in  the  third  cylinder  up  to  the  30  ml.  mark. 

If  the  solution  in  the  cylinder  is  not  pink,  add  two  drops  of  phenolphthaleln 
indicator;   If  the  solution  does  not  turn  pink  when  the  phenolphthaleln  Indicator  Is 
added »   there  Is  no  causticity   in  the  sample.     The  test  Is  finished. 

If  the  solution  in  the  cylinder  is  pink,  it  shows  the  presence  of  causticity  In  the 
boiler  water.     Continue  the  testing  procedure. 

With  the  8-inch  dropper,   add  just  enough  causticity  reagent  No.   2  (1/30 
hydrochloric  acid)  to  the  solution  drop  by  drop.     Stir  the  solution  with  the 
stirring  rod  to  neutralize  the  causticity  in  the  solution;   the  pink  color  will 
disappear.     Stop  the  addition  of   the  reagent  as  soon  as  the  pink  color  just  fades 
out . 

The  amount  of  reagent  used  is  shown  by  the  number  of  ml.   above  the  30  ml.  mark. 

The  number  of  milliliters  of  causticity  reagent  No.  2  used  multiplied  by  23  gives 
the  causticity  in  parts  per  million  of  hydroxide  (HO)   in  the  boiler  water  sample. 

Thus,    if  3  ml  of  causticity   reagent  No.   2  were  used,    there  are  3  x  23  or  69  ppm  of 
hydroxide  In  the  boiler  water  sample. 


STUDENT  RESULTS  OF  TEST   

Number  of  milliliters  causticity  reagent  No.  2 


Multiplied  by  23  =    ppm  causticity. 


Steam  boiler  pH  using  litmus  paper  or  pH  meter  and  directions 

from  your  instiructor. 


Phosphate  Test 

The  phosphate  test  is  used  to  determine  the  amount  of   soluble  phosphate  In  the 
boiler  water.     Maintaining  a  phosphate   level  between  30  ppm  and  60  ppm  by  addition 
of  sodium  me taphosphate  will   result   in  the  sodium  metaphosphate  combining  with  some 
of  the  free  hydroxide  (formed  by  the  addition  of  caustic  soda)   forming  trlsodium 
phosphate.     The  trlsodium  phosphate  combines  with  calcium  salts,   in  the  water,  to 
form  trlcalcium  phosphate,  a  soft,   nonadhering,   finely  divided  sludge  which  can  be 
easily  removed   from  the  boiler  by  blowdown.     There  are  several  methods  of  deter- 
mining the  phosphate  level;  however,   for  our  studies  we  will   limit  the  discussion 
to  the  color-metric  method. 
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MATKUrAUS  

One*  |)h^)^^phato  iM^lor  comparator  block. 

One  phosphate  comparatoi      ombinatlon  mixing  tube  marked  5,    15,    17.5  ml   and  stopper. 
One  filter  funnel,   65  m  dlamoter. 
One  package   filter  paper p   11  cm. 
One  bottle,   20  ml. 
One  dropper,    1/2  ml- 

One  measuring  spoon,    1/4  teaspoon  size. 

One  plain  test   tube  22  x  175  mm  about  50-ml   capacity  and   rubber  stopper. 
One  plastic  bottle  of   "Comparator  Molybdate  reagent". 
Two  ounces  Concentrated  Stannous  Chloride  reagent. 
Decolorlzl ng  carbon . 
Distilled  water. 

TESTING  PROCEDURE  

Without  dlstrublng  the  settled  sludge  in  the  sample,  transfer  sufficient  amount  of 
the  sample  to  fill   the  plain  test  tube  about  halfway. 

Add  1/4  teaspoon  of  decolorizing  carbon,   place  stopper  in  the  tube  and  shake 
vigorously  for  about  a  minute. 

Fold  a  filter  paper  and  place  in  the  funnel.     Place  the  funnel  in  the  comparator 
combination  mixing  tube. 

Filter  enough  sample  to  bring  it  up  to  the  first  mark  of  5  ml .     Discard  this 
filtrate.      Filter  another  sample. 

Add  comparator  molybdate  reagent  to  bring  the   level  Just  up  to  the  second  mark  (15 


Add  fresh  dilute  stannous  chloride  up  to  the  third  mark  (17.5  ml).     This  solution 
should  be  prepare^!  the  day  it  is  to  be  used.      Put    .5  ml  concentrated  stannous 
chloride   in  20-ml  bottle.     Fill    mottle  to  shoulder  with  distilled  water. 

Stopper  the  mixing  tube.      Invert   it  several   times.      If  there  is  any  phosphate  in 
the  sample,    the  solution  in  the  mixing  tube  turns  blue. 

Place  the  tube  in  the  opening  provided  in  the  comparator  block.      If  the  sample 
color  comes  between  the  two  standard  ranges  of  30  to  60  ppm,   the  boiler  water  is 
satisfactory . 


STUDENT  RESULTS  OF  TEST  


ml)  . 


ppm  phosphate. 
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Tannin  Test 


The  tannin  test  Is  made  to  determine  the  approximate  concentration  of  tannin  in  the 
boiler  water.     Tannin  acts  as  an  oxygen  absorber  and  duo  to  its  colloltial  action  it 
can  make  the  sludge  form  as  very  finely  divided  particles,    thus  being  more  fluid, 
so  that  It  Is  carried  by  the  circulating  boiler  water  and   is  removed  more  readily  ^ 
by  blowdown.     The   limit  for  tannin  content  of  boiler  water  is  a  medium-browa  color 
as  shown  by  the  middle  standard  of  the  tannin  color  comparator. 


MATERIALS  


One  improved  tannin  color  comparator. 
One  square  tube ,    13  mm  viewing  depth , 
One  plain  test  tube,   22  mm  X  175  mm. 
One  package   filter  paper,   11  *^sn. 


TESTING  PROCEDURE 


Without  disturbing  any  settled  sludge  in  the  sample,    fill  the  plain 
test  tube  to  within  an  Inch  or  two  of   the  top  with  boiler  water 
being  tested.     The  boiler  water  should  preferably  be  cooled 
slightly. 

Fold  a  filter  paper  and  place  It  In  the  funnel  without  wetting  it 
down.     Place  funnel   In  a  square  test  tube  In  the  comparator  and 
filter  the  sample  from  the  plain  test  tube  until  It  is  nearly 
filled. 


Remove  the  square  test  tube  and  note  the  appearance  of  the   filtered  ^ 
boiler  water;   it  should  be  free  of  suspended  solids  or  sludge;  C 
refllter  it.   using  the  same  fvinnel  and  filter  paper  until    it  doeiS 
corae  out  free  of  solids. 


Set  the  square  test  tube  containing  the  filtered  sample  back  in  the 
middle  slot  of  the  comparator  and  compare  the  color  of  the  sample 
with  the  five  color  standards  viewing  against  a  source  of  very 
bright  daylight. 

The  color  standard  which  most  closely  matches  the  color  of  the 
filtered  sample  gives  the  tannin  color  of  the  boiler  water. 

For  ordinary  boiler  water  conditions,    the  tannin  dosage  is  usually 
satisfactory  If  It  maintains  a  medium  tannin  color  in  the  boiler 
water;   that  Is,   the  filtered  boiler  water  matches  the  No.   3  tannin 
color  standard. 


NOTE:     The  result  of  the  TANNIN  TEST  Is  used  in  the  dissolved 
solids  test. 


NOTE:     Where  the  boiler  water  causticity  Is  high  or  where 

severe  boiler  corrosion  difficulties  are  encountered, 
the  tannl ng  dosage  is  sometimes  adjusted  to  maintain  a 
dark  or  No .   4  color. 


STUDENT  RESULTS  OF  TEST  


tannin. 
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Dissolvod  Solids  Test 


The  cilssolved  solids  test   is  usod  to  determine  the  concentration  nt  soluble  salts 
In  bollc*r  water  and  as  x  control   to  determine  the  amount  and    frcxjuency  of  blowdown. 
rile  spt><!ifl(Mi    limits   for  holler  water  d  1  sso  I  ved-so  1  Id  content  are  between   1000  and 
*1000  ppm.     Testing   for  dissolved  solids  will  be   limited  to  the  electrical 
conductivity  method   in  this  course. 

MATKKl ALS  

One  model  RD-P4  Solu-Brldge  conductivity  method  or  equal. 

One  model  CEL-S2  polystyrene  dip-type  conductivity  cell, 
constant  2.0. 

One  thermometer,  armored,  0-200*  ?. 

One  pint  conduct  I vl ty -neutr a 1 Izl ng  solution. 

Two  200  mm  X  38  mm  test  tubes  with  stoppers. 

One   1-ounce  Indicator  dropping  bottle  with  1/2  ml  dropper. 

TKSTINC.  PHOCEDURE  

Without  disturbing  settled  sludge  In  sample  container,   pour  GO  ml  of 
it   into  the  test  tube. 

Add  two  droppersful   (filled  to  the  mark)  of  conductivity  -  neutral- 
izing solution.     Stopper  and  Invert  several  times  to  mix. 

Connect  the  terminals  of  the  dip  cell  to  the  appropriate  terminals 
of  the  conductivity  meter. 

Fill  a  clean  200  mm  X  38  mm  test  tube  about  halfway  with  distilled 
water  and  clean  the  cell  by  moving  It  up  and  down  several  times  In 
the  distilled  water.     Remove  the  cell  and  shake  It  to  remove  excess 
distilled  water. 

Immerse  the  cell  In  the  sample  being  tested  to  a  point  where  the 
level  of  the  solution  Is  at  least  1/2-lnch  above  the  vent  holes. 
Move  the  cell  up  and  down  several  times,  making  sure  that  the  vent 
holds  remain  below  the  liquid  level-     This  action  will  release  any 
air  bubbles  adhering  to  the  Inner  cell  wall. 

Plug  the  Instrument  cord  Into  a  105-  to  120-volt,   50-60  cycle  ac 
outlet  and  turn  on  the  control  switch. 

After  the  thermometer  reading  has  stabilized,   set  the  instrument 
temperature  adjustment  knob  to  correspond  with  the  thermometer 
reading.     Remove  thermometer  and  set  the  cell  as  near  center  in  the 
test  tube  as  possible. 

After  the  Instrument  has  warmed  up,  rotate  the  control  dial  of  the 
instrument  until  the  dark  segment  of  the  electron  tube  reaches  Its 
widest  pattern  and  a  sharp  shadow  Is  obtained. 

To  calculate  the  results  In  parts  per  million   (ppm),   multiply  the 
reading  obtained  from  the  control  dial  scale  by  one  of  the  followli.g 
conversion   factors : 

Tannin  Number  Factor  Factor 

is:  Instrument  64*F  -  18*C  Instrument  77*F  -  25*C 


0 
1 

2  or  3 
4  or  5 


.8 
.9 
1.0 
1.1 


.7 
.8 
•  9 
1.0 


EXAMPLE:  If  the  sample  has  a  tannin  number  of  1,  using  G4'*F  -  18^*0  ' 
instrument  and  a  specific  conductance  reading  of  3100,  the 
concentration  of  the  sample  is  3100  X  .9  or  2800  ppm. 


STUDENT  RESULTS  OF  TEST 


ppm  dissolved  solids. 


Condensate  pH  Test 

Condensate  return  is  tested  for  pH  to  determine  if  condensate  alkalinity  has 
decreased  to  the  point  where  return  line  corrosion  will  occur.   This  type  of  corro 
sion  is  common  in  installations  having  extensive  return  systems.     When  steam  is 
formed,   the  bicarbonates  in  the   feedwater  go  to  carbonates  in  the  hot  wati-r  and 
form  hydroxides.     Carbon  dioxide  is  formed  in  both  actions  and  l«-avps  with  the 
boiler  steam.     When  the  carbon  dioxide  condenses  with  the  steam,   it   forms  carbon L 
acid  giving  a  pH  sometimes  as  low  as  about  5.     By  the  use  of  a  group  of  the 
compounds  called  "amines"     the  pH  of  the  condensate  can  be  maintained  just  on  the 
axkallne  side,   say  7.0  to  7.5.   and  corrosion  in  the  return   lines  can  be  reduced. 

MATERIALS  


One  4-ounce  brown  bottle  of  condensate  pH  indicator. 
One  ounce  indicator  bottle  with  dropper  marked  at   .5  ml 
One  10-ml  beaker  marked  at  50  ml. 
One  stirring  rod,   glass  9-inch. 


TAKING  THE  SAMPLE  OF  CONDENSATE  

Take  the  sample  near  a  point  in  the  return  piping  where  the  conden- 
sation takes  place,   such  as  right  after  a  trap,   or  preferably  at  a 
point  where  return  line  corrosion  is  known  to  be  occurring.     For  the 
sample  to  be  representative  of  water  flowing  in  the  return   lines  it 
should  not  be  taken  from  a  collecting  tank.     Cooling  the  condensate 
is  not  necessary.     However,   collect  it  slowly  to  reduce  flashing. 


TESTING  PROCEDURE  

Measure  out  50  ml  of  sample;  place  in  100  ml  beaker. 

Fill  the  dropper  to  the  .5  ml  mark  with  a  pH  indicator;  transfer  to 
the  sample  in  the  beaker  and  stir  with  glass  rod. 

If  the  solution  in  the  beaker  is  colored  green,  the  condensate  is 
acid  and  the  dosap^-  of  chemical  being  used  to  raise  the  pH  of  the 
condensate  should     o  increased. 

If  the  solution  is  colored  a  light  pink,   the  pH  is  neutral  or 
slightly  alkaline  and  the  chemical  dosage  is  satisfactory. 

If  the  solution  is  colored  red  or  purple,   the  pH  is  higher  than 
necessary  and  the  chemical  treatment  for  the  condensate  should  be 
reduced. 


STUDENT  RESULTS  OF  TEST 


pH  condensate. 
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Re  oinme  ndod 
Residual 

20-40  ppm 

20-200  ppm 

r^o-GO  ppm 
3m 

1000-4000  ppm 
7.0    7,5  pH 


Chemical 
Sodium  Sul f ite 
Sodium  Hydroxide 
Phosphate 
Tannin 

Dissolved  Solids 

Amines 

Boiler  pH 


Student ' s 
Resul ts 


(HTHW,  STEAM) 
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CotKiontiato  Keturn  Troatinont 


Ct^mplete  ciuestion«  in  spaces  provided. 
I.        What   dis«<.)lved   impurity  causes  condensate  return  line  corrosion? 

Carbon  dioxide  and  condensate  water  mixinij   together    forms  what? 

3.  Condensate  return   line  corrosion  results  in? 

4.  V/hat   is  used   to  control   condensate  return   line  corrosion? 

5.  what   types  of  amines  are  used   by   the  Air  Force? 
What   is  the  ran^e  for  condensat'*  return  water? 

7.  The  use  of  neutralizing   amines  will   result   in  the  pH  of  condensate  water  increasing 
or  decreasinj^? 

8.  Uhut   is  used   to  determine  if  condensate  treatment   is  needed? 

9.  Where   is  tne  corrosion   test   nipple  installed? 

10.  Where   is  the  condensate  corrosion   test   nipple  sent  to? 
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3770  Technical   Training  Group 
(Civ  i  1   Knivl  nocM'  in^  Training) 
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LOGS   AND  CHEMICAL  FKEDING 


OBJECTIVES 

Following  stop-by-stop  procedures,   maintain  water  treatment  log  with  80%  accuracy. 

Given  information  and  equipment,    prepare  boiler  water  sample   for  shipment  with 
Instructor  assistance. 

Given  information  and  chemical   formulas,   compute  chemical   requirements  with 
Instructor  assistance. 

Given   information,   dotermlnu  step-by-step   procedures   for  installation  and  servicing 
of   chemical    feeding;  equipment   with  80%  accuracy. 

Using  step-by-step   procedures,    service  chemical   storage  area   with  instructor 
a  ssistance , 

Using  stop-by-step  procedures,   perform  chemical    feeding  with  instructor  assistance. 
PROCEDURE 

EXERCISE  1 
Water  Treatment  Logs 
Complete  the   following  statements. 
1.       The  title  of   AF  Form  1459  is 


2,        Instructions   for  complo^.ing  AF  Form   1459  are  found 


3.       Complete  each  of   the   following   control   procedures  for  AF  Form  1459. 
a.  Frequency: 


b.  Preparation: 


c.  Distribution: 


d  .      Duo   Da  to  : 
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Figure  3.    AP  Form  1459 


INSTRUCTIONS 


A>*  Form  1459  is  lo  lie  us<-<l  foi  riTord  i  r)((  water  tre^tmrnt  dat.i  foi  n  t  I  strnm  nml  Iu»t  vv-ater 
boilers  that  nerd  chemiciil  treatment.  It  will  be  prepared  in  diiplicnt«-  by  th«-  c  Mitinit  r  in 
cliarCC  Bt  thr  central  hcntinft  plant.  Thr  locwill  be  posted  dnUvaiKl  forwrrdrd  nt  ilx 
end  of  the  month  to  the  base  civil  engineer  for  review  and  approxnt  After  s^^provn  I  the 
b«»o  civil  engineer  will  forward  the  s;.'cond  or  carbon  copy  to  the  -vijor  coframnd  civil  en- 
gincer  not  later  than  the  20th  of  the  following  month.  No  logs  will  be  forwarded  lo  Head 
quHrters  USAF. 

Cohmn  A  .thru  C      For  steam  boilers  only.     Enter   in  the  appropriate  colimvi  the  parts*  per 
million  (p  p  m)  of  pho>phute   found  by  the  color  imi-t  r  ic  niethcd. 

Column  D.  Enter  the  number  of  milliliters  (ml.)  of  caus  t  i  c  i  ty  Rt-MRent  No  2  rtifuirt.l 
to  .Irsitroy  the  pink  color. 

Column  E  thru  G.     Required    for  s  t  enm  boi  ler  s  .      Multiply   tht    value  cntew.l  inC'olifnn 
D  by  23  to  obtain  the   result   in  parts. per  millioti  CH  and  rntor   in  appropriate  vohmm 

Column  H.     For  steam  boilers  only.     Enter  the  number  for   the  proper  rol<r  d«s  i  (^iia  t  ion 
for  the  filtered  sample  of  boiler  water  as  determined  with  the  color  stoivlard!!  Colors 
are  (1)  very  light.   (2)  light,   (3)  mcdiw.  (4)  dark,   (5)  very  dark. 

Column  1.     Enter   the  reading  obtained  from  the  conductivity  meter.     (See  Bureau  of 
Mines  Form  0IVS-2I  ). 

Coluw  J.     Enter  the  dissolved  solids   in  ppm  as  calculated  by  onultiplying  the  con- 
ductivity reading  (colunn  I)  by  the  proper  conversion  factors.) 

Coltiw  K.     Enter  the  ppm  sulfite  content  as  determined  by  test   for  soditm  sulfite 
(see  Bureau  of  Mines  FormBWS-7).     High  temperature  w«ter  heating  syateov  require  20-10 
ppm  sodium  sulfite.     This  chemical   is  not  to  be  used  in  steam  boilers  except  on  approval 
by  major  comnand . 

Column  L.     For  high  temperature  water  systema,    i.e.,  300^  water  and  higher.     Enl<  r 
the  pH  of  the  sample  tested.     Required  range   is  9.3  to  9.9. 

Coluwi  M  thr'j  R.     Enter  the  total  number  of  pounds  of  each  chemical  added  to  the 
boiler  or  hot  water  generator  during  the  day,     Uie  the  bUnk  colim  for  chemicals  added 
other  than  those   listed  in  column  M  thru  P,  auch  as   filaunc  and  neutralising  amif>es. 

Coluw  S.     Enter  the  pH  of  the  condensate  return  laater.     If  a  pH  a^ter  is  not  avail, 
able,  use  the  Bureru  of  Mines  test  kit  for  condensate  pH  and  enter  color  reading. 

Column  T.     Determine  the  total  ntmber  of  gallona  of  blowdoivn  ««ter  and  enter  the 
amount  in  this  column.     Do  not  hlcwdomi  high  teoperature  water  systeM* 

Colusn  U.     Enter  the  total  gallons  of  makeup  wat^r. 

Column  V.    Eitter  the  hardness  in  ppm  of  the  makeup  water. 

ColiCTi  W  thru  AA.     These  «.olimis  are  used  for  central  Keating  plants  ttvt  Uave  ion 
exchangers  in  conjunction  with  their  operation  eitlwr  for  sole  or  partial  use  of  the 
heating  plant.     Enter  in  columr>s  W,  X,  and  Y.   the  quantity  of  water  processed  daily  in 
each  ion  exchanger.     Enter  in  column  Z  the   total  quantity  in  Villona  of  water  processed 
to  the  heating  plant  through  all  exchangers.     Enter  in  coluan  AA  th*  quantity  mnd  type  of 
chemical  (salt,  acid  or  alkali),  used  to  regenerate  t(w  icn  exctwngers. 

Reaa  rks .     The  remarks  space  amy  be  used  to  indicate  any  unustMl  cmlitiom  or  to 
report  special  data.     Use  the  reverse  of  form  if  additioral  apace  ia  necessary. 


Figure  4,     Reverse  of  AF  Form  1459 
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EXERCISE  3 
Sample  Submission  Requirement 
PART  I 

Given  Information  and  equipment,   prepare  boiler  water  sample  for  shipment,  with 
Instructor  assistance*  wxi.ii 

PROCEDURES 

!•     Blowdown  sample  lines 
2«     Rinse  equipment 

Oiscard  rinsewater 
Draw  sample  slowly 

Place  sample  line  to  bottom  of  bottle 
Overflow  bottle 
Stopper  bottle 
Label  bottle 


9. 


Place  labeled  sample  Into  mailing  container  for  shipment  to  the  AF  Contract  Lab. 


PLEASE  ENTER  THE  FOLLOWING  INFORMATION 

POST  OR  INSTITUTION  

BUILDING  NAME  AND 

NUMBER.  


DATE. 


BOILER  NUMBER. 
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EXKRCIS15  3 
Sample  Submission  Requirements 
PART  II 


Use  SG  J3ABR45432  OOl-VIII-4  to  complete  the   following  statements: 

Complete  the  following  schedule  for  submitting  samples  to  the  AF  contract 
laboratory.     List  the  frequency  on   line  for  each  type. 

a.     High  Pressure  -  100  hp  or  higher. 


b.     High  Pressure  -  Under  100  hpc 


c.     Low  Pressure  -   100  hp  or  higher. 


d.     Low  Pressure  -  Under  100  hp. 


e.     High-Temperature  Water  Plants  -  350*F  and  above. 


2.       Samples  of  water  from  governmen t-opera lu*d  boiler  plants  must  be  sent  to  the  AF 
Contract  Lab  to  be  analyzed  as  directed  by: 


How  are  sample  containers  acquired? 


4.  The  bottle  is  used  for  low-pressure  boiler  water 

samples . 

5.  The    bottle  is  used  for  high-pressure  boiler  water 

samples . 

6.  The  reasons  for  submitting  boiler  water  samples  to  the  AF  Contract  Laboratory  are: 


a. 


b. 


Major  changes  in  water  treatment  will  be  made  only  when  directed  by: 
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EXERCISE  4 

Procedures  for  Computing  Chemical  Dosages 

Use  the  following  formulas  and  given  information  to  determine  the  proper  dosage  oJ 
each  chemical.  «v^o«i.t,^ 

1.     SODIUM  SULFITE 

Formula:     pounds  of  feedwater  X  ppm  O2  in  feedwater  x  8.8  + 


1 ,000,000 

pounds  of  feedwater  X  %  of  Mowdown  x  ,3 
1,000,000  ~ — 

Boiler  used  720,000  pounds  of  feedwater  with   ,5  ppm  O2.     There  was  3%  blowdown, 

Answer    pounds 

2.  CAUSTIC  SODA 

Formula:     3/4  jxvunds  per  3000  pounds  of  steam/hr  OR 

3/4  pounds  for  every  100  boiler  horsepower 
Boiler  produces  30,000  pounds  of  steam/hr. 

Answer   pounds 

3.  PHOSPHATE 

Formula:       Pound  pbos  «    pounds  make-up  X  hardness  in  ppm  X  1,8 

1,000,000 

Boiler  uses  35,000  pounds  of  make-up  with  8  ppm  hardness 

A  n  swe  r  po  u  n  d  s 

4 .  TANNIN 

Formula:     1/2  pound  per  day  for  every  3,000  pounds  steam/hr 
Boiler  produces  30,000  pounds  of  steam/hr. 

Answer   pounds 

5.  AMINES 

pounds  make-up  per  day  X  CO2  in  make-up  in  PPM  X  3.3 


Formula: 


1,000,000 


Boiler  uses  3,500  gallons  make-up  per  day 

CO2  in  m«ke-tep       is  20  ppm 

NOTE!     You  must  convert  gallons  to  pounds 


Answer    pounds  of  60%  Cyclohexy lamlne 
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EXERCISE  5 
Chemical  Handling  and  Feeding 


I.       When  miT^lng  chemicals  for  internal  boiler  water  treatment,   what  protective  Items 
must  you  have  on? 

a.  ^  for  eye  protection. 

b.   ^or  clothing  protection. 

c    for  protection  of  hands. 


2.       There  are  a  few  general  rules  that  apply  to  the  mixing  of  the  acids  and  strong 
bases  that  are  commonly  used  In  boiler  water  treatment;   they  are  as  follows: 


b. 


3.       How  high  can  chemicals  be  stacked? 


4.       Chemicals  should  be  stacked  on  In  a 

  place. 


5.       Name  three  types  of  chemical  feed  systems, 
a. 
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EXERCISE  6 
Chemical  Feeding 

PROCEDURES 

1.  Put  on  protective  equipment. 

2.  Pill  a  bucket  halfway  with  cold  water. 

3.  One  student  will  stir  water  while  team  member  adds  predetermined  amount  of 
chemicals. 

NOTE:     Make  sure  all  chemicals  are  dissolved  in  water. 
♦4.     Isolate  chemical  feed  tank,   open  drain  valve  and  vent  valve- 

5.  Close  drain  valve  and  open  fill  valve. 

6.  Add  mixed  chemicals  slowly  to  tank. 
NOTE:     Pill  tank  completely  with  water. 

7.  Close  fill  valve  and  vent  valve. 
♦8.     Open  feedwater  line  valves  to  tank. 

9.     Line  up  feedwater  system  to  boiler  and  turn  on  pump. 

NOTE:     Use  bypass  and  instructor  will  determine  when  chemicals  are  in  boiler. 
10-     Secure  pump  and  feedwater  line  valves,  drain  tank. 
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EXTERNAL  COKROSION 


OBJECTIVES 

Given  information,   identify  basic   facts  about  external   corrosion  with  70%  accuracy. 

Given  information,  make  visual    inspection  and   identify  external    corrosion  with 
instructor  assistance. 


PROCEDURE 


EXERCISE  1 


Complete  the  following. 


1.        List  the  types  of  corrosion; 
a . 


J. 
k. 


d. 


m . 


2.       What  is  corrosion? 


I 
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3.       What  Items  are  necesasry  for  a  galvanic  cell? 
NOTE:     Use  Figure  5. 


 { 


4.       Draw  arrows  showing  the  current  flow. 


 AA/VVVV —  ] 

Figure  5 

I 

5.       What  is  the  de-zincif icat ion  process? 


6.       (CHOOSE  ONE)       Mill  scale  formation  of  a  pipe  will  tend  to  be  the  (anode/cathode) 
of  a  pipe. 


7.       What  is  meant  by  "dissimilar  metals"? 
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EXKRCISK  2 

Complete  the  following. 
List  the  methods  of  combating  corrosion. 

a.  

b.  

c  .  ._  

d .  

What  are  some  of   the  materials  used  In  coating  metals? 


What  are  the   two  types  of  cathodlc  protection  systems  used? 

a.  

b. 
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EXERCISE  3 
Inspection  For  Corrosion 

PROCEDURE 

1.       Proceed   to  the  lab  area. 


2.        Inspect  for  external  corrosion  on  feedwater  system  or  as  dir*^cted  bv  the 
instructor.  " 


3.       List  any  corrosion  found* 
Type: 


Location: 
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